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The purpose of this study was to objectively examine the 
jumping technique of a group of skilled barefoot water ski 
jumpers in order to identify the kinematic factors which 
distinguished between a highly successful jump and a less 
successful jump. The jumping technique of each subject was 
filmed during the 1987 Australian Barefoot Water Ski 
Championships. Results indicated that to jump effectively 
and safely the barefoot water ski jumper should concentrate 
on initiating leg extension approximately 2 m before 
contact with the ramp and continue to push against the ramp 
in order to maintain an extended body position throughout 
the jump. This extension allowed the utilisation of the 
take-off angle and consequent vertical velocity generated 
by the slope of the ramp, provided the inclination of the 
trunk and shank were maintained as close to perpendicular 
to the ramp as possible. Less skilled barefoot water ski 
jumpers who closed the angle of the hips and delayed or 
mistimed extension until contact with the ramp were not 
able to withstand the "crushing" of the body imparted by 
the slope of the ramp, and placed themselves in a 
potentially dangerous position where over-rotation into the 
ramp was possible. 
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CHAPTER I 
INTRODUCTION 
A. Context of the Problem 
In 1947 Dick Pope Jr first attempted barefoot water skiing 
in Cypress Gardens, Florida, U.S.A. He described it as "a 
far greater thrill than anyone could imagine" (Norman, 
1965, p. 140) . Three years later the first barefoot water 
ski competition was held at the Cypress Gardens Dixie 
Championships. 
Style and major innovations were developed primarily by 
Australians, who have dominated the sport over the last 20 
years. In 1960 the Australian Barefoot Water Ski Club was 
formed, the only one of its kind in the world. Three years 
later the first National Championships were held at Manly 
Dam in Sydney (Wing, 1982). 
In 1969 a group of Australian barefoot water skiers 
travelled to Europe to promote the sport. This resulted in 
many European nations conducting tournaments under 
Australian rules. It was not until 1975 that the World 
Water Ski Union Congress in London accepted Australian 
rules for competition. The first Barefoot Water Ski World 
Championships were held in Canberra, Australia, in 1978. 
Eleven nations competed in the event (Wing, 1982). 
3 0009 02907 7992 
In 1963 an Australian became the first barefoot water skier 
to jump, when Geoff Nicholls built himself a masonite ramp 
and jumped between 5 and 6 m (Nations and Desmond, 1977). 
The current world record for the barefoot water ski jump is 
21.2 m , and is held by another Australian, Gavin O'Mahoney. 
C o m p e t i t i v e b a r e f o o t w a t e r s k i i n g c o m p r i s e s t h r e e 
components; wake crossing, trick manoeuvres, and jumping. 
In t h e b a r e f o o t w a t e r s k i jump, t h e b a r e f o o t w a t e r s k i 
jumper is towed over a 2.1 m inclined ramp which is set at 
an angle of 12.37 degrees to the horizontal. Velocity is 
selected by individual skiers, who may select any speed up 
to a m a x i m u m of 67 k m / h r . In the m a j o r i t y of c a s e s , the 
b a r e f o o t w a t e r s k i jumper a p p r o a c h e s the ramp w i t h the 
maximum attack speed of 67 km/hr, which would result in a 
t o t a l time on the ramp of 0.113 s. The event is judged on 
t h e t o t a l d i s t a n c e t r a v e l l e d by the b a r e f o o t w a t e r s k i 
jumper from the end of the ramp until the barefoot water 
ski jumper makes contact with the water again. The barefoot 
water ski jumper usually lands on his buttocks and is then 
required to stand up and ski away from the impact area. 
The o b j e c t i v e of a l l b a r e f o o t w a t e r s k i jumpers is to 
maximise the distance of the jump. The barefoot water ski 
j u m p e r m u s t , t h e r e f o r e , s t r i v e f o r m a x i m u m a n g l e of 
projection and velocity at take-off. In order to achieve 
t h i s o b j e c t i v e , some b a r e f o o t w a t e r s k i j u m p e r s have 
a d o p t e d a j u m p i n g t e c h n i q u e k n o w n as the " s p r i n g " . W i t h 
this method, the barefoot water ski jumper flexes at the 
hip, knee, and ankle joints (crouches down) during the last 
4-5 m of his approach to the ramp and then attempts to 
extend at the hip, knee, and ankle joints in an explosive 
movement at the bottom of the ramp. The aim is then to 
maintain this extended position, thus placing the centre of 
gravity of the body as high as possible. 
The barefoot water ski jumper adopts this "rigid" posture 
in order to prevent a phenomena known as "crushing" or 
"collapsing", where the forces generated in skiing up the 
inclined ramp tend to compress the barefoot water ski 
jumper into the ramp. This compression reduces the angle of 
take-off and vertical velocity of the skier's centre of 
gravity, thus limiting the angle of trajectory. This 
"crushing" or "collapsing" occurs when the barefoot water 
ski jumper adopts a "poor" body position (excess flexion in 
trunk, hip, knee and lower leg) while travelling up the 
ramp. 
A limited number of barefoot water ski jumpers practice a 
technique known as the "cannon". These skiers incline their 
trunk backward and lower their body as they contact the 
ramp, then bounce off the end of the ramp on their 
buttocks. Although the centre of gravity of these skiers 
would be lower at take-off, it is assumed that there would 
not be the loss of vertical velocity experienced by skiers 
practising the "spring" technique, which would occur as 
the lower limbs absorbed the impact force generated by the 
slope of the ramp. The use of this technique produces 
consistent jumps with little training necessary. However, 
the maximum distance attained has not yet exceeded 19 m, 
and there is also concern for the safety of barefoot water 
ski jumpers practising this technique due to the possible 
compressive forces on the barefoot water ski jumper's 
spine. 
There is some controversy as to the extent of the 
rigidity (that is the degree of extension maintained at the 
hip, knee, and ankle joints) necessary for ideal take-off 
angle and velocity, as well as considerable concern for the 
safety of barefoot water ski jumpers who practice the 
rigid "springing" jump. Wing (1981) described barefoot 
water ski jumping as dangerous to barefoot water skiers who 
are inexperienced or who use an incorrect technique. Wing 
is regarded as the world's best all-round water skier, 
never having been defeated for an overall Championship at 
either Australian or World level in barefoot water skiing. 
This pioneer of barefoot water skiing says he has "much 
respect for barefoot water ski jumping" (Wing, 1981, p. 
20), and considered it as an event only for the most 
competent barefoot water skiers. 
At present, elite level barefoot water ski jumpers are 
achieving jumps of up to 23 m in practice and incomplete 
trials in competition. The questions to be addressed 
concern the predicted range of the jump given the take-off 
angle and linear variables of the "spring" technique, which 
will enable the barefoot water ski jumpers to perform with 
minimum risk. 
B. Statement of the Problem 
The purpose of this study was to compare three groups of 
barefoot water ski jumps in an attempt to identify the 
kinematic factors which distinguish between a highly 
successful jump and a less successful jump. Attention was 
given to the path of the centre of gravity relative to the 
horizontal during the take-off phase; the linear velocity 
of the centre of gravity throughout the jump; the angular 
displacement at the hip, knee and ankle joints; and the 
angular velocities generated by extension at the knee and 
hip joints during the take-off. 
C. Significance of the Study 
At this stage, no published research detailing either the 
kinematics of barefoot water ski jumping or the potential 
for injury has been found. This study was an attempt to 
determine the angle and velocity p a r a m e t e r s that 
distinguished a highly skilled jump from those which 
resulted in less successful jumps. 
The s i g n i f i c a n c e of the s t u d y was to i d e n t i f y the 
performance parameters which will lead to the establishment 
of coaching guidelines and the subsequent development of a 
coaching manual for barefoot water ski jumping. 
D . Statement of the Research Hypotheses 
It was hypothesised that: 
1. The angle of the trunk at the pre-ramp phase would not 
significantly affect the length of the jump. 
2 . The angle made by the rise in the path of the subject's 
centre of gravity and the horizontal at selected stages 
of the take-off phase would not significantly affect 
the length of the jump. 
3 . The v e l o c i t y of the s u b j e c t ' s c e n t r e of g r a v i t y at 
s e l e c t e d s t a g e s of t h e t a k e - o f f p h a s e w o u l d n o t 
significantly affect the length of the jump. 
4. The angle of lean of the centre of gravity (see Figure 
3) at selected stages of the take-off phase would not 
significantly affect the length of the jump. 
5. The angular displacement at the hip, knee and ankle 
joints at selected stages of the take-off phase would 
not significantly affect the length of the jump. 
E. Limitations and Delimitations 
The following delimitations were applied to this study: 
1. Only jumps performed by barefoot water ski jumpers 
with a Master rating competing in Mens I during the 
1987 Australian Barefoot Water Ski Championships at 
Moorebank, Sydney, were analysed. 
2. Five stages throughout the jump were considered to 
best represent the barefoot water ski jumper as he 
traversed the ramp. The first position analysed was 
immediately before the ramp, the second was at the 
bottom of the ramp, the third was midway up the ramp, 
the fourth was at the top of the ramp, and the fifth 
position analysed was approximately 0.4 m beyond the 
top of the ramp. 
3. The horizontal and vertical velocities of the centre of 
gravity, the angle of lean of the centre of gravity, 
the take-off angle of the centre of gravity, the 
absolute angles at the hip and knee joints, and the 
angles at the hip, knee and ankle relative to the right 
hand horizontal as the barefoot water ski jumper 
transversed the ramp were the parameters selected to 
represent the barefoot water ski jumper performing the 
jump. 
4. Angular velocities at the ankle, knee, and hip joints 
were not considered as the average time on the ramp 
(0.113 s) was not of sufficient duration to allow for 
a significant amount of movement at the joints. 
The following limitations were applied to this study: 
1. A l l p e r f o r m a n c e s w e r e f i l m e d d u r i n g the A u s t r a l i a n 
Barefoot Water Ski Championships where tournament rules 
and conditions were applied. 
2. The effects of the boat speed and the boat driver were 
a s s u m e d t o b e n e g l i g i b l e in c o m p e t i t i o n a n d w e r e 
therefore assumed to be negligible and constant in this 
study. 
3. The effect of wind and water conditions on the barefoot 
w a t e r s k i j u m p e r ' s p e r f o r m a n c e w e r e a s s u m e d to be 
constant for all barefoot water ski jumpers. 
4. Anatomical, physiological, and fundamental differences 
b e t w e e n t h e s u b j e c t s , and the e f f e c t of air d r a g on 
performance were not considered in this study. 
5. Jump distances were measured using three theodolites in 
accordance with standard barefoot water ski tournament 
procedure. 
6. S t a n d a r d c i n e m a t o g r a p h i c a n a l y s i s p r o c e d u r e s w e r e 
u s e d t o d e t e r m i n e a n g l e s a n d v e l o c i t i e s . E r r o r s 
inherent in the use of such procedures necessitated the 
use of data smoothing techniques. 
F . Definitions 
The following definitions were included to explain the use 
of terms in the context of this study. Terminology relevant 
to b a r e f o o t w a t e r s k i j u m p i n g was a l s o d e f i n e d in t h i s 
section. 
Angle of Inclination of the Lower Leg 
The angle of inclination of the lower leg was measured 
as the angle at the ankle between the lower leg and the 
right hand horizontal. 
Angle of Inclination of the Thigh 
The angle of inclination of the thigh was measured as 
the angle at the knee between the thigh and the right 
hand horizontal. 
Angle of Inclination of the Trunk 
The angle of inclination of the trunk was measured as 
the angle at the hip between the trunk and the right 
hand horizontal. 
Angle of Lean of the Centre of Gravity 
The angle of lean of the centre of gravity was the 
angle formed by a line joining the centre of gravity to 
the lateral malleolus and the right hand horizontal. 
Angle of Rise of the Centre of Gravity 
The angle of rise of the centre of gravity was the 
angle made by the path of the centre of gravity 
throughout the jump and the right hand horizontal. This 
angle included the angle of 12.37 degrees imparted by 
the slope of the ramp (see Appendix A). 
Angle of Take-Off 
The angle of take-off was the angle at which the 
barefoot water ski jumper's centre of gravity was 
projected at the end of the ramp. This was determined 
from the angle of rise of the centre of gravity, taken 
from one frame before position 4 (the top of the 
ramp), to one frame after position 4. This variable 
included the angle imparted by the ramp (12.37 
degrees). 
Bottom of the Ramp 
The bottom of the ramp was the lowest part of the ramp 
that met the water. The barefoot water ski jumper was 
at this position in the frame of film in which the feet 
were no longer considered to be on the water, but on 
the ramp. 
Hip Angle 
The hip angle represented the angle of flexion between 
the trunk and thigh of the barefoot water ski jumper. 
Jump 
The jump was the recorded performance of the barefoot 
water ski jumper between the ramp and where he landed 
on the water. The distance of the jump was measured by 
three theodolites in accordance with standard 
barefoot water ski tournament procedures. 
Knee Angle 
The knee angle represented the angle of flexion between 
the thigh and the lower leg of the barefoot water ski 
jumper. 
Mid-ramp 
The mid-ramp position was chosen as that frame which 
best approximated the barefoot water ski jumper being 
in the middle of the ramp, and was the film frame from 
which all mid-ramp measurements were taken. 
Pass 
A pass was a single trial run in which the boat pulled 
the barefoot water ski jumper through the jump course. 
Ramp 
The ramp was a fibreglass platform floating in a fixed 
position over which the barefoot water ski jumper rode. 
Dimensions of the ramp are diagrammed in Appendix A. 
Spring 
The "spring" was an action achieved by the barefoot 
water ski jumper vigorously straightening his lower 
limbs and pushing his feet powerfully into the ramp 
(Grove, 1979). This has been described as an upward and 
outward force through the length of the lower limbs as 
they were straightened (Äthans and Ward, 1975). 
Top of the Ramp 
The top of the ramp was the highest part of the ramp. 
The position chosen was the film frame which best 
approximated the barefoot water ski jumper's feet 
being at or over the top edge of the ramp. 
Transition Zone 
The transition zone was the portion of the jump 
immediately before the ramp where the barefoot water 
ski jumper either adopted a "freeze" position or 
attempted to "spring" in order to maximise the length 
of the jump. 
CHAPTER II 
REVIEW OF RELATED LITERATURE 
An extensive review of the literature revealed a dearth of 
quantitative research or instructional information related 
to barefoot water skiing in general and barefoot water ski 
jumping in particular. Knowledge from several related areas 
in the literature were incorporated and reviewed in an 
attempt to clarify the jumping technique. These included: 
(1) projectile motion, (2) research in water ski jumping, 
(3) take-off techniques in snow ski jumping, and (4) 
techniques in barefoot water ski jumping. 
A. Projectile Motion 
A barefoot water ski jumper taking off from the ramp and 
aiming for maximum horizontal displacement can be 
considered as an example of projectile motion, and is 
subject to the general principles governing projectile 
motion. Three factors influence the horizontal range of a 
projectile (Hay, 1985) . These factors are: 
1. The angle of take-off 
2. The velocity at point of take-off 
3. The height of the centre of gravity at take-off. 
In barefoot water ski jumping, the centre of gravity of the 
barefoot water ski jumper was projected into the air from 
approximately 1.25 m above the water. This figure was 
dependent on the height of the individual and the 
positioning of body segments relative to the base of 
support. Thus the height of take-off varied between trials. 
The equation which describes such a projectile's range was: 
Horizontal Range = v^sin 6 cos 9 + v cos 6 7(v sin Qf + 2gh 
g 
where: 
V = velocity at take-off 
€ = angle of take-off 
h = height of take-off 
g = acceleration due to gravity (constant) 
(Hay, 1985, p 38) 
The velocity at the point of take-off is a variable for 
water ski jumpers due to the "cut across" technique used to 
build up horizontal velocity prior to the jump. Conversely 
the barefoot water ski jumper is towed parallel to the ramp 
at a pre-determined maximum speed of 18.6 m/s (67 km/hr) . 
It may be possible however, for both groups of ski jumpers 
to generate a vertical velocity through the "spring" 
technique which is greater than that vertical velocity 
created by the inclination of the ramp, thus increasing the 
resultant velocity and resulting in greater horizontal 
range. 
Similarly, the angle of take-off is determined by the 
extent of the "spring" during that period of the jump. A 
good "spring" off the ramp would also increase the height 
of the centre of gravity at take-off. Conversely, allowing 
the body to collapse due to the compressive forces 
generated on the ramp has the opposite effect (Hubbard, 
1967). 
It has been concluded by Hay ( 1 985), and may be seen 
through simple substitution of the three variables 
considered, that an increase in velocity at take-off is 
the most effective way to obtain greater horizontal 
distance. Of the other two variables in the range equation, 
an increase in the angle of projection has a greater 
influence on range than an increase in the height of 
release. 
B. Research in Water Ski Jumping 
One of the few recorded studies on the biomechanics of 
water ski jumping (non-barefoot) was conducted by Grove in 
1979. High speed film was taken during the 1977 Eastern 
Team Qualifying Tournament in Oakham, Massachusetts. The 
subjects were water skiers in the Mens I and II divisions 
with a Master rating or higher. These skiers must have at 
one time jumped at least 37.5 m (120 feet) in competition. 
and were considered the most skilled water ski jumpers 
according to standards set by the American Water Ski 
Association. 
The purpose of Grove's study was to attempt to describe the 
components of an ideal jump. This was done by examining the 
relationships between the resulting distance of the jump 
and the following variables: 
1. the angle of lean of the centre of gravity (see Figure 
1) ; 
2. hip, knee, and ankle angles (see Figure 1); 
3. vertical, horizontal, and actual velocities of the 
centre of gravity, and; 
4. the angle of take-off of the centre of gravity. 
The angle of take-off of the centre of gravity was measured 
as the angle at which the skier's centre of gravity was 
projected into the air: 
Vv 
9 = arctan Vh 
where Vv = vertical or "spring" velocity 
Vh = horizontal velocity at end of ramp. 
Direction of Motion 
Centre of 
Gravity 
a = Angle of lean 
b = Lower leg angle 
c = Knee angle 
d Hip angle 
FIGURE 1: Body angles measured at take-off * 
* Adapted from Grove (1979), p. 7 
A total of 20 successful jumps by six water ski jumpers 
were selected for final analysis. The five positions chosen 
to represent the water skier performing the jump were: (i) 
0 . 9 . (3 feet) in front of the ramp, (ii) the bottom of the 
ramp, (iii) the middle of the ramp, (iv) the top of the 
ramp, and (v) 0.9m (3 feet) beyond the ramp. 
Äthans and Ward (1975) described the "spring" as an 
explosion of energy achieved by the water ski jumper 
pushing the feet into the ramp while straightening the 
lower limbs (p. 101). In Grove's (1979) study, the "spring" 
was measured as the vertical velocity of the centre of 
gravity of the body minus the vertical velocity produced by 
the slope of the ramp itself. 
Grove concluded that: 
1. the vertical velocity and the angle of take-off were 
not significant components of the "spring"; 
2. a forward angle of lean of the trunk resulted in a 
better body position on the ramp which led to a greater 
distance jumped; 
3. extension of the lower limbs at the pre—ramp stage and 
at the top of the ramp led to an increase in distance 
jumped, while knee flexion during these stages led to a 
decrease in distance jumped; 
4. preparation for the "spring" occurred before the ramp 
and at expense of resultant velocity on to the ramp; 
5. increased actual and horizontal velocity on the ramp 
led to an increase in distance. The ability to generate 
increased actual and horizontal velocity on the ramp 
was not considered to be applicable to barefoot water 
ski jumping. 
Grove (197 9) suggested from these results that the pre-ramp 
"spring" did not appear to create the vertical velocity 
attained. The vertical velocity was more likely due to a 
powerful extension or thrust perpendicular to the surface 
of the ramp. A more forward angle of lean of the trunk and 
powerful extension of the lower limbs throughout the ramp 
phase seemed to be the key features of the "spring". 
Contrary to Grove's suggestion, it is argued that although 
the variables identified as key features of the "spring" 
did not appear to result in the creation of v e r t i c a l 
velocity, a powerful extension of the legs throughout the 
ramp phase would avoid the "crush" or collapsing in body 
orientation and thereby maintain the vertical velocity 
imparted by the ramp. It may then be implied that the 
"spring" was in fact indirectly related to v e r t i c a l 
velocity, as initially suggested by Grove. 
Titley and Reid (1975) used cinematography to analyse the 
take-off technique for water ski jumpers. They considered 
kinematic variables in eight consecutive positions, from 
the water ski jumper's approach to the ramp to when the 
water ski jumper left the ramp. The aim of the study was to 
determine the specific parameters involved in successful 
jumps. 
Of the variables selected, Titley and Reid found only two 
to be positively related to the distance jumped. The first 
was the pre-ramp velocity which would not be applicable to 
barefoot water ski jumpers. Although there was a trend of 
decreasing velocity as the water ski jumpers traversed the 
ramp, Titley and Reid found that as the water ski jumper's 
pre-ramp velocity increased, the distance of the jump 
increased. The most erect body position also occurred at 
the pre-ramp phase. From these results Titley and Reid 
concluded that the most crucial area for preparing for the 
e x e c u t i o n of t h e " s p r i n g " w a s at a d i s t a n c e of 
approximately 5 m from the ramp. 
The second variable relating to distance jumped was a 
variable they referred to as the angle of extension, which 
was calculated as the sum of the knee and hip angles. The 
relationship was positive at the pre-ramp, mid-ramp, and 
end-of-ramp positions. This indicated that water ski 
jumpers who began take-off with a more erect stance, 
experienced less body flexion from the "crush", and were 
more upright at the top of the ramp achieved the greatest 
success in the jump. Titley and Reid (1975) calculated the 
water ski jumpers had reached only 61 percent of total body 
extension at the top of the ramp; 5 percent less than pre-
ramp body extension. They suggested that the water ski 
jumpers were incapable of completing the "spring" at the 
end of the ramp. They did not address the possibility of 
the jumper using extension to oppose the "crush" or 
compression of having his body projected upwards. 
These authors also found that the maximum vertical 
acceleration occurred during the first one-third of the 
ramp, indicating that the eccentric contraction of the 
"crush" was more powerful than the concentric contraction 
of the "spring". This highlighted further the importance 
of the extended pre-ramp body position. 
In considering the timing of the "spring", Titley and Reid 
(1975) concluded that the water ski jumper should not 
distinguish between "crushing" and "springing", but exert 
maximum contraction with the extensor muscles of the hip, 
knee, and ankle joints throughout the entire take-off 
phase. Grove (1979) also implied that water ski jumpers 
should not differentiate between the "spring" and the 
"crush". It was recommended that skiers should extend the 
lower limbs at the pre-ramp position and maintain extension 
through the entire length of the ramp. This would appear to 
be an important consideration for barefoot water ski 
jumpers who have a limited time on the ramp (0.113 s) in 
which to recover from the "crush" and begin to execute the 
"spring". Preparation at the pre-ramp phase would allow the 
barefoot water ski jumper to use the "spring" to counteract 
or reduce the "crush", rather than to recover from it; a 
response which may not be possible given the time available 
on the ramp. 
Brazil (1975) measured the distance of the jump and the 
time the water ski jumper was in the air in an attempt to 
determine the skier's speed and vertical lift. He found 
that the vertical lift was important in determining range 
and that negative lift was possible due to "crushing" or 
"collapsing" whilst travelling up the ramp. This "crush" 
was due to the water ski jumper being unable to overcome 
the force of impact due to a poor body position. 
Carroll (1977) found that the position the water ski jumper 
assumed in the transition zone was the most important 
factor in executing the "spring". Amsbry (1967) defined the 
transition zone as being "approximately 15 feet (4.7 m), in 
front of the jump and is the most important segment of 
jumping" (p. 17). The transition zone is an important 
feature as the body position assumed on the ramp was 
established at this stage of the jump. 
A similar zone was apparent in barefoot water ski jumping. 
Body positioning in this zone may be even more crucial for 
the barefoot water ski jumper, given the minimal time 
(0.113 s) available on the ramp in which body position may 
be corrected. 
There was some discrepancy in the literature concerning the 
ideal body position to be adopted. Titley and Reid (1975) 
felt that the water ski jumper should remain perpendicular 
to the ramp throughout the take-off. Amsbry (1967) argued 
that such a position would impede forward momentum and 
throw the skier off balance. He advocated a forward angle 
of lean, as did Grove (1979), where the skier leaned 
forward on the balls of the feet, with the shoulders well 
ahead of the hips and the knees directly above the insteps. 
Amsbry's comments were based on subjective evaluation only. 
Several factors which appeared to be related to successful 
performance in water ski jumping have emerged from the 
limited amount of scientific research available. 
1. The position assumed by the skier at the pre-ramp 
stage should be the position he wished to maintain on 
the ramp. 
2. The "spring" was a forceful extension or thrust out 
from the ramp, and should be initiated prior to the 
ramp in order to counteract the "crushing" forces 
imparted by the slope of the ramp. 
3. The skier should concentrate on continuing the "spring" 
during the time on the ramp, rather than attempting to 
distinguish between the "crush" and the "spring". 
Reid, Kopp, and Verhoeven (1978) investigated the impact 
forces experienced by water ski jumpers (non-barefoot) 
during take-off on the ramp and on landing. Ten water ski 
jumpers from the Boys' division and ten water ski jumpers 
from the Mens' division were filmed at the 197 6 Canadian 
National Water Ski Championships. The authors referred to 
a study conducted by H o m e ( 1 9 7 7), who used 
radiographic techniques to obtain standard anterio-
posterior and lateral collimated views of the dorsal and 
lumbar spines in a sample of 77 male and 28 female 
competitive water ski jumpers. The incidence of 
flexion/compression injury to the lumbar dorsal aspect of 
the spine was found to be considerably higher in the water 
ski jumpers than in the general population. 
In light of these findings, Reid et. al. (1978) conducted 
their study for two purposes: firstly to compare the take-
off and landing impact forces of youth water ski jumpers 
with those experienced by men during competition, and 
secondly, to establish if differences in impact forces 
existed between water ski jumpers using the 1.5 m high 
ramp and those using the 1.8 m high ramp for the same 
distance jumped. Impact forces were calculated using 
velocity-time curves, and represented the average force 
exerted on the body during the impact interval of 
approximately 95 ms. 
The results found by Reid et. al. (1978) showed a 
significant difference between the take-off impact forces 
for the boys on the 1.5 m ramp and the men on the 1.8 m 
ramp (t = 2.76; d.f. = 24). The boys experienced a mean 
take-off impact force of 3038 N, whilst the men 
experienced a greater mean take-off impact force of 3944 N. 
There was no significant difference for landing forces 
between the two groups at the 0.05 level of significance (t 
= 1.87; p < 0.05; d.f. = 22). Group means for body weight 
were not reported. 
In the second phase of the study, a comparison was made 
between water ski jumpers using the 1.5 and 1.8 m high 
ramps who jumped a distance of between 34 and 39 metres. 
This resulted in a mean impact force on take-off of 2945 N 
being experienced by the boys on the 1.5 m ramp, as opposed 
to the force of 3608 N experienced by the men on the 1.8 m 
ramp. These values were significantly difference at the 
0.05 level of significance (t = 2.34, d.f. = 12). The mean 
impact force on landing was also greater for water ski 
jumpers using the 1 . 8 m ramp than for water ski jumpers 
using the 1 . 5 m ramp (X = 4956 and 4174 N respectively). 
It was concluded that forces occurring during take-off and 
landing were not of sufficient magnitude to result in 
direct injury to normal, healthy athletes. However, 
frequent exposure to such forces may well prove hazardous 
to the water ski jumper. The use of a 1.8 m high ramp was 
not recommended due to the significantly greater forces of 
impact encountered by the water ski jumpers. 
These results may have been more conclusive if both the men 
and boys used the same size ramp for comparison of forces 
experienced in each age division. Similarly, a comparison 
of the impact forces experienced on the 1.5 m ramp and the 
1.8 m ramp should have involved homogenous groups of 
subjects. 
C. Take-Off Techniques in Snow Ski Jumping 
Just as the take-off phase is critical to the success of 
barefoot water ski jumping, the take-off has the most 
significant effect on the length of air flight in snow ski 
jumping (Campbell, 1 980 ) . A study was undertaken by 
Campbell (1980) to examine the kinematics of the take-off 
phase of snow ski jumpers. High-speed films were taken of 
16 jumpers for two competitive jumps during the 197 9 Pre-
Olympic Games in Lake Placid, U.S.A. These subjects were 
sub-divided into two groups. The first group consisted of 
elite international ski jumpers who were the top nine 
finishers in the competition and had a average jump length 
of 82.61 m. The second group included the U.S. ski jumpers, 
whose performances ranged from the 12th to 39th place 
finishers and had an average jump length of 73.95 m. 
From the results of his study, Campbell (1980) found that 
the following performance parameters demonstrated 
significant relationships with distance jumped: position of 
the centre of gravity relative to the base of support 
(ankle joint), angle of inclination of the lower leg, 
maximum normal acceleration and velocity of the jumper-ski 
system, normal velocity at take-off, take-off angle 
(presumably of the centre of gravity), and angular velocity 
at the knee and hip. 
At three stages during the jump the international group of 
ski jumpers demonstrated a significantly smaller lower leg 
angle, a more forward position of the centre of 
gravity, and a higher angular velocity about the hip 
(significant only at the instant of take-off) , than the 
U.S. ski jumpers. The international group demonstrated a 
significantly greater angular velocity about the knee joint 
than the U.S. group at the instant of take-off. At 0.0 95 s 
after take-off, the trunk and thigh angles were found to be 
significantly larger in the international group, a result 
of higher angular velocities demonstrated by the 
international ski jumpers (Campbell, 1980). 
According to Campbell, these results suggested that the 
problems encountered by ski jumpers during the take-off 
phase existed in two areas. The first dealt with the 
positioning of the jumper during the take-off phase. 
Results indicated that the distance jumped was directly 
related to the position of the centre of gravity of the ski 
jumper with respect to his ankle or base of support during 
take-off. In general, the centre of gravity was located 
slightly behind the ankle at the initiation of the take-
off, and the smaller this distance, the better the 
performance. The international group of ski jumpers were 
also found to move their centres of gravity forward with 
respect to their ankles at a higher rate than the U.S. 
skiers. This, in conjunction with a greater turning moment, 
allowed the international skier to raise his trunk to the 
air earlier and use the frontal surface area to create 
lift. 
The second area in which problems were encountered by ski 
jumpers during the take-off phase dealt with the muscular 
input of the skier to the jumping action. This area 
included the strength and rate of movement of individual 
skiers, and the sequencing and timing of the extension of 
the lower limbs during the take-off. Campbell (1980) stated 
"The ability of a ski jumper to generate a velocity normal 
or perpendicular to the ramp is related to distance jumped" 
(p. 97) . As the jumping motion was caused by extension at 
the knee and hip joints, and plantar flexion at the ankle 
joints, the ability to extend the knee along with 
extension about the hip were considered primary factors 
which contributed significantly to the ability to raise the 
centre of gravity. As mentioned previously, the 
international group of ski jumpers demonstrated 
significantly higher angular velocities about the knee and 
hip joints than did the U.S. group of ski jumpers. 
In summary, Campbell (1980) identified three purposes of 
the take-off action in ski jumping: 
1. to give the jumper-ski system a maximum normal velocity 
to the surface of the ramp. 
2. to produce a favourable body position at the edge of 
the jump ramp, and 
3. to provide an initial turning moment for the forward 
rotation of the body over the skis immediately after 
take-off. 
Campbell (1980) concluded that in order to accomplish these 
purposes, the ski jumper should perform the take-off with 
the centre of gravity in a forward position with relation 
to the angle of the lower leg. In addition, the ski jumper 
should generate a large normal velocity by rapidly 
extending at the knee and hip joints during the take-off 
and maintaining the lower leg angle. 
D. Take-off Techniques in Barefoot Water Ski Jumping 
The winner of three consecutive World Barefoot Titles, 
Brett Wing of Australia, was interviewed by Gillette 
(1981) concerning the barefoot jumping technique. Wing 
(1981) described the bent-over position adopted by some 
barefoot water ski jumpers as dangerous, and believed the 
action of positioning the shoulders forward and the feet 
and hips back behind the line of the shoulders also 
prevented jumpers from obtaining lift from the ramp. 
According to Wing the stance adopted when approaching the 
jump should be similar to the regular barefoot position, 
with the shoulders behind the feet and the lower body 
flexed at the hip, knee, and ankle joints. This technique 
had also been recommended by Wing's father (Wing, 1977). 
The purpose of this position was to gain spring from the 
ramp, which could prove a dangerous manoeuvre if timed 
incorrectly. 
The current world record holder (O'Mahoney) in barefoot 
water ski jumping described his approach as not unlike 
sitting in a chair (O'Mahoney, 1987). He supported Wing's 
theory of placing the shoulders behind the hips and flexing 
the lower body to adopt a crouch position. As suggested by 
Wing, some less successful barefoot water ski jumpers 
adopted a position in which excessive flexion at the hip 
joints meant that the shoulders were brought forward over 
the feet (Boler, 1987; Sands, 1987; Shadwell, 1987). 
All barefoot water ski jumpers interviewed in conjunction 
with this thesis agreed that it was preferable to have full 
extension at the hip and knee joints at the expense of a 
more powerful "spring" (Boler, 1987; O'Mahoney, 1987; 
Sands, 1987; Shadwell, 1987) . The importance of timing the 
"spring" correctly was also acknowledged. Three of the four 
skiers interviewed attempted to begin their "spring" about 
2 m before the ramp. However, when questioned regarding 
where full extension was reached, only O'Mahoney aimed to 
be fully extended prior to contact with the ramp. The more 
successful the jumping record of the skier, the sooner 
extension was completed. 
As Stated in the conclusions drawn from the studies on 
water ski jumping, the importance of the transition zone 
was also recognised by barefoot water ski jumpers. It may 
also be true that less successful barefoot water ski 
jumpers distinguished between the "crush" and the "spring" 
during the execution of their jump. Conversely, O'Mahoney 
(1987) concentrated on "springing" before the "crush" 
occurred, having adopted his extended position prior to 
contact with the ramp. 
Shipton, an Australian, is one of the leading exponents of 
the controversial "cannon" technique. This has been 
described as a "hit and miss" method of jumping (Wing, 
1981, p. 19) , and was considered by competitors to be an 
"incorrect technique" (O'Mahoney, 1987). The cannon was 
also considered to be dangerous due to the compressive 
forces generated which were transmitted directly through 
the spine, although such comments were only subjective at 
this stage. 
For other reasons Shipton (1987) argued that the cannon was 
a safer technique, as there was no risk of falling forward 
onto the ramp. It was also a simpler technique to master, 
allowing more training time for the other two events, wake 
slalom and trick. Shipton has backed up his method with 
consistent jump distances of between 18 and 19 m, which 
placed him among the top five Australian barefoot water ski 
jumpers. Although this technique may not produce a winning 
jump, it increases the chance of an overall victory by 
allowing the barefoot water skier to devote more time to 
the other areas of training. 
It is apparent from this anecdotal evidence that barefoot 
water skiers were not instructed in a "correct" technique 
of jumping, but rather improved their jump performance by 
trial and error or on the basis of opinion of their fellow 
competitors. Often the less competent skier was the one who 
adopted a more forward inclination of the trunk. Such a 
position could be dangerous as it increased the risk of the 
skier falling forwards into the ramp. 
CHAPTER III 
METHODS AND PROCEDURES 
A. Source of the Data 
The subjects for this study were eight male Master barefoot 
water skiers (mean age = 21.6 yrs). To gain their "Master" 
rating, the skiers had to meet certain standards specified 
by the Australian Barefoot Water Ski Association. Two 
Master ratings from the three events had to be attained for 
skiers to compete as a Master in the National Titles. The 
three criteria were a score of 900 points in wake slalom, 
1800 points in trick manoeuvres, and a distance of 16 m in 
the jump. It was from this group the Australian Team were 
selected for competition in the World Championships. 
All subjects were weighed on balance scales at the 
competition site during the week of competition. Height and 
body proportions were measured using a portable stadiometer 
and anthropometer respectively. 
B. Definition of Dependent and Independent Variables 
The dependent variable was the length of the jump, measured 
(in metres) from the end of the ramp to the part of the 
jumper's body which landed closest to the ramp. 
Measurements were taken using three theodolites in 
accordance with standard barefoot tournament procedure. 
The independent variables were the angular displacement and 
linear velocity parameters, and the position of the centre 
of gravity throughout the jump. 
C. Procedures/Instrumentation 
The Experimental Conditions 
The experimental phase of this study took place during 
the 1987 Australian Barefoot Water Ski Championships on 
the Georges River, Moorebank, Sydney. All subjects wore 
standard barefoot wetsuits and helmets, and no attempt 
was made to mark the subjects or interfere with normal 
competition procedures. 
Each subject was filmed over three consecutive jumps. 
Subjects were allowed re-rides if their approach to the 
ramp was interfered with in some way, or if the 
selected speed was not maintained ( + 1 km/hr) 
throughout the jump. For those subjects who were 
granted re-rides, these additional jumps were also 
filmed. 
Administration of Filming Procedures 
Data for biomechanical analysis were obtained using 
high speed cinematography. A motor-driven, 16 mm LOCAM 
Model 5001 high speed camera with an Angenieux 10 x 
120B zoom lens was positioned approximately 15 m to one 
side of the jump so that the optical axis of the lens 
was perpendicular to the motion to be filmed. The 
camera was operated at 100 frames per second with a 
shutter opening of 120 degrees, producing an exposure 
time of 1/300 s. To ensure the collection of relevant 
data, camera placement, lens type, and film speed were 
determined by previous pilot testing. 
The error in perspective was assessed using known 
dimensions of the ramp itself. This also enabled 
scaling factors to be calculated so that photographic 
images could be converted to actual distance in metres. 
The field of vision extended from a point 2 m in front 
of the ramp to 2 m beyond the ramp, a total distance of 
6 m. The location of the equipment thoughout the 
experimental session remained fixed and is represented 
in Figure 2. 
The camera was permitted to run approximately two 
seconds prior to each jump to insure that it had 
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FIGURE 2: Arrangement of equipment 
for experimental procedures 
P o s i t i o n s o f Analys is 
F i v e l o c a t i o n s o f the b a r e f o o t water s k i jumper 
t r a v e l l i n g onto and up the ramp were s e l e c t e d from the 
f i e l d o f v i s i o n t o best represent the s k i e r ' s movement 
f o r a n a l y s i s . 
The l o c a t i o n s s e l e c t e d w e r e : ( 1 ) P r e - r a m p : 
immediately b e f o r e the ramp t o represent the b a r e f o o t 
water ski jumper in the t r a n s i t i o n zone (approximately 
frame 8 ) ; (2) Bottom; at t h e bo t tom o f t h e ramp t o 
represent i n i t i a l contact with the ramp (approximately 
f r a m e 1 1 ) ; (3 ) M i d - r a m p : m i d - w a y up t h e ramp t o 
represent the b a r e f o o t water ski jumper on the ramp 
(approximately frame 15 ) ; (4) Top: at the t op of the 
ramp t o r e p r e s e n t the b a r e f o o t water s k i jumper in 
f i n a l contact with the ramp (approximately frame 19) ; 
and (5) Post-ramp: 0.4 m beyond the top o f the ramp to 
r e p r e s e n t t h e b a r e f o o t water s k i jumper in the a i r 
(approximately frame 2 1 ) . 
Measurement o f Jumps 
A l l jump d i s t a n c e s w e r e m e a s u r e d u s i n g t h r e e 
t h e o d o l i t e s i n a c c o r d a n c e w i t h normal t o u r n a m e n t 
procedure . 
Data Groups 
Jumps were classified into 3 groups according to their 
length. The three groups were : 
(a) Group A - jumps of 17 m or greater; 
(b) Group B - jumps greater than 15 m and less than 17 
m; 
(c) Group C - jumps of 15 m or less. 
As each subject performed a minimum of 3 jumps, it was 
possible for a subject to be in more than one group, or 
to appear in the same group on more than one occasion. 
Although all subjects were proficient in barefoot water 
ski jumping by virtue of their Master rating, it was 
hoped that such further delineation of performance 
would help isolate trends in technique. Any specific 
characteristics of performance noted for this subgroup 
continuum could then be considered indicative of the 
possible trends in performance necessary for success in 
barefoot water ski jumping. 
D. Data Analytic Procedures 
Calculation of Kinematic Variables 
The film image of each trial was projected onto a PCD 
Digitizer analysis screen using a Vanguard Projection 
Head Model M-16CW. The x and y co-ordinates for 15 body 
segment landmarks per frame were digitized for each 
frame. These landmarks are listed below. 
1. right distal phalanx of hallux 
2. right lateral malleolus 
3. right lateral epicondyle of femur 
4. right greater trochanter 
5. right acromioclavicular joint 
6. right lateral epicondyle of humerus 
7 . right styloid process of ulna 
8. left distal phalanx of hallux 
9. left lateral malleolus 
10. left lateral epicondyle of femur 
11. left greater trochanter 
12. left acromioclavicular joint 
13. left lateral epicondyle of humerus 
14. left styloid process of ulna 
15. vertex 
25 frames were analysed per jump, from 8 frames before 
contact with the ramp to 6 frames after take-off. Five 
locations of the barefoot water ski jumper were chosen 
for analysis, as described previously. Accurate 
determination of landmarks was limited by the neoprene 
rubber wetsuit worn by each competitor as standard 
safety equipment. 
To ensure that the co-ordinates were accurately 
determined, a horizontal reference within the projected 
film image was aligned with the x-axis of the digitizer 
for each frame analysed. The co-ordinates for each 
trial were obtained frame-by-frame and stored in time 
sequence on an Apple H E microcomputer. These data were 
later transferred to an IBM-PC compatible microcomputer 
for analysis. 
An additional ten data points were added at both ends 
of the digitised data files. The first derivative of 
the extra points matched the average first derivative 
of the end points of the digitised data. All the data 
were then smoothed using a second order Butterworth 
recursive digital filter with a cut-off frequency set 
arbitarily at lOHz. 
The following kinematic variables were calculated for 
each frame (See Figure 3) : 
1. the angle of inclination of the trunk with respect 
to the right hand horizontal; 
2. the angle of inclination of the thigh with respect 
to the right hand horizontal; 
3 . the angle of inclination of the lower leg with 
respect to the right hand horizontal; 
4. the angle of flexion at the knee joint; 
5. the angle of flexion at the hip joint; 
6. the angle of lean of the centre of gravity; 
7. the angle of rise of the centre of gravity; termed 
the angle of take-off at position 4. 
Calculation of Centre of Gravity 
Whole-body centres of gravity were calculated using 
the segmentation method as outlined by Hay (1985). 
Linear velocities of the whole-body centre of gravity 
were determined by the finite differences method from 
the smoothed displacement data. 
Assumptions 
1. The limb segments were treated as rigid b o d i e s . 
While deformation of soft tissue had some effect on 
mass distribution and inertia, this effect was 
considered negligible because of the large forces 
involved. 





FIGURE 3: Calculation of segmental locations during 
the barefoot water sKi 3ump 
2. The transverse axes of the joints were considered 
pinned. Actually, joints were fastened to 
collagenous tissue which acts in tension. Such 
tissue permits displacement of adjacent bones. This 
displacement, however, was so small when compared 
with total limb movement that it was considered 
negligible. 
3. Friction at the joints was considered negligible 
(Barnett and Cobbold, 1962; McCutchen, 1962). 
4. Mass distribution data used in centre of gravity 
determination were those obtained by Clauser, 
McConville, and Young (1969) and reported in Hay 
(1985). These data were considered the most 
appropriate for use in the analysis of sports 
techniques. 
E. Statistical Analysis 
Descriptive statistics (mean, range and standard deviation) 
were determined to assess the distribution of the physical 
characteristics, the velocities, body angles, and take-off 
angles at each position analysed. A One-way Analysis of 
Variance (ANOVA) was then applied to test for any 
significant differences between the three groups. 
A two sample t-test was conducted for post-hoc analysis to 
identify significant differences between each group. 
CHAPTER IV 
RESULTS AND DISCUSSION 
This chapter contains the results and discussion from the 
statistical analysis of the data collected in this study. 
The results and discussion are presented in two sections: 
(A) Characteristics of the Sample, and (B) Kinematics of 
Barefoot Water Ski Jumping. 
A. Characteristics of the Sample 
Details pertaining to the age, height, weight, and ponderal 
index of the subjects are presented in Appendix B. No 
significant differences were found between the three groups 
for any of the variables measured. 
The ponderal index (PI) is a measure of stoutness or 
stature of an individual, determined by a particular ratio 
of height and weight (Kreighbaum and Barthels, 1985) . 
Although the PI does not distinguish between fat weight and 
muscular weight, all barefoot water ski jumpers appeared to 
be relatively lean. 
When compared to values for the "average man" as defined by 
Behnke and Wilmore (1974), barefoot water ski jumpers were 
shorter (X = 172.6 cm compared with 174 cm for the "average 
man"), and heavier (X =74.4 kg compared with 70 kg for the 
"average man"). The PI calculated for the "average man" was 
23.1, c o m p a r e d w i t h 24.4 for t h e b a r e f o o t w a t e r ski 
jumpers. It was expected that these barefoot water ski 
jumpers would also carry less body fat than the "average 
man", so the higher PI suggested a more mesomorphic body 
type. 
A further comparison was made between the mean PI value for 
the barefoot water ski jumpers (PI = 24.4) and various 
groups of athletes who competed in the 1972 Munich Olympics 
(Hebbelinck and Ross, 1974). The barefoot water ski jumpers 
were found to be more mesomorphic than rowers and gymnasts 
(PI = 23.66 and 23.82 respectively), but had a smaller 
stature than the power throwers (PI = 25.36). This again 
s u g g e s t e d that the b a r e f o o t w a t e r ski j u m p e r s had a 
predominantly mesomorphic or "athletic" build. 
Appendix C gives details pertaining to the age, height, 
weight, and PI of each group. As mentioned previously, 
jumps were grouped according to distance. It was possible 
then for a subject to have one jump recorded in each group, 
or to have more than one jump recorded in any particular 
group. 
T h e s t a t i s t i c s p r e s e n t e d in A p p e n d i x C s u g g e s t e d 
h o m o g e n e i t y of the t h r e e g r o u p s , as no s i g n i f i c a n t 
d i f f e r e n c e s w e r e f o u n d . None of t h e v a r i a t i o n s w e r e 
considered large enough to influence the results of the 
study. 
B. Kinematics of Barefoot Water Ski Jumping 
This section portrays a statistical analysis of the 
kinematics of barefoot water ski jumping between the three 
groups in the five locations selected. The following 
variables were considered: angle of lean of the centre of 
gravity, inclination of the lower leg, inclination of the 
thigh, inclination of the trunk, angles of hip and knee 
flexion, angle of rise of the centre of gravity, and 
horizontal and vertical velocities of the centre of 
gravity. 
1. Centre of Gravity Angle of Lean 
Means, ranges, and standard deviations of the angle of lean 
of the centre of gravity for the three groups are presented 
in Table 1. 
There was little variability either within or between 
groups for the first two positions analysed. All barefoot 
water ski jumpers displayed an angle of lean greater than 
90 degrees at the pre-ramp stage (X = 108, 109, and 109 
degrees for Groups A, B, and C respectively). This 
indicated that the centres of gravity were posterior to the 
ankles. 
These results supported the recommendation for pre-ramp 
preparation in which the barefoot water ski jumper adopted 
an upright position (O'Mahoney, 1987; Wing, 1981; Wing, 
TABLE 1; Comparison of the angle of lean of the centre of gravity 
(degrees) in five different positions for the three groups 
(n = 23) 
Degrees 
Group A Group B Group C 
(n=7) (n=9) (n=7) 
Position Mean Range Mean Range Mean Range 
(±SD) (+SD) (tSD) 
Pre-ramp 108 102-113 109 104-112 109 106-111 
,(3.7) (2,2) (1.8) 
Bottom 106 98-110 109 102-112 108 105-111 
(4.4) (3.1) (2.1) 
Mid-ramp 110 95-120 117 102-125 116 110-120 
(9.5) (6.2) (2.9) 
Top 115 91-131 127 109-137 125 118-128 
(15.3) (7.7) (3.4) 
BC 
Post-ramp 115 * 89-130 129 108-139 127 120-132 
(17.0) (8.8) (3.8) 
* Significant difference (p < 0.05) 
1982), rather than a position where the shoulders were 
brought forward over the feet. Conversely, studies in both 
water ski jumping (Grove, 1979), and snow ski jumping 
(Campbell, 1980), found that an angle of lean where the 
centre of gravity was slightly forward in relation to the 
lower leg angle resulted in a greater distance jumped. 
This apparent discrepancy may be explained by the skis worn 
in w a t e r and snow ski jumping. Competitors in these 
disciplines were able to lean further forward due to the 
i n c r e a s e d base of support offered by their skis. In 
barefoot water ski jumping, the small base of support 
provided much less stability, particularly in the anterior-
posterior direction. Placing the centre of gravity too far 
forward during the approach to the ramp would greatly 
increase the risk of the barefoot water ski jumper falling 
forward into the ramp, particularly as the barefoot water 
ski jumper initiated the "spring". 
The centre of gravity of barefoot water ski jumpers during 
trials included in Groups B and C shifted backwards between 
mid-ramp and take-off, increasing the mean angle of lean by 
10 and 9 degrees respectively. By comparison, the centre 
of gravity of barefoot water ski jumper in Group A 
remained in a more forward position, with the angle of lean 
increasing by only 5 degrees. 
In her study of the biomechanics of water ski jumping. 
Grove (197 9) suggested that the slope of the ramp appeared 
to cause the centre of gravity of the water skiers to shift 
posteriorly, which may also seem to be true of barefoot 
water ski jumpers. However, due to the increased amount of 
friction as the feet moved from the water to the fibreglass 
ramp, and the constant motion of the boat which pulled the 
barefoot water ski jumpers forward over the ramp, an 
anterior shift in the centre of gravity would be expected 
as the barefoot water skier's upper body tended to be 
pulled forward over the resistive force acting at the 
ankles. 
It would appear that in this study barefoot water ski 
jumpers tended to shift their centre of gravity backward as 
a means of counteracting the pull of the rope and the 
resistance of the ramp. The better barefoot water ski 
jumpers were able to compensate for this more successfully 
and maintained a more upright position. The less competent 
barefoot water ski jumpers with trials in Groups B and C 
shifted their centres of gravity too far back, until the 
mean angles of lean were 127 and 125 degrees respectively 
(compared to a mean angle of lean of 115 degrees for Group 
A) . This resulted in the feet slipping out in front as they 
crossed the ramp, causing them to over-rotate backwards and 
consequently reducing the length of the jump. 
Although results were only statistically significant in the 
final position analysed, the trends displayed by the three 
groups suggested that the ability to maintain the angle of 
lean of the centre of gravity as close to the perpendicular 
as possible resulted in a greater horizontal range. An 
overly obtuse angle caused over-rotation backwards as the 
feet slipped out in front of the barefoot water ski jumper. 
This meant that the force (and consequent vertical 
velocity) imparted by the slope of the ramp was absorbed by 
the lower limbs, reducing the possible distance of the 
jump. By contrast, an overly acute angle of lean of the 
centre of gravity may result in the barefoot water ski 
jumper falling forward due to pull of the rope rotating the 
trunk forward and the resistive force of the ramp impeding 
the motion of the lower body. 
2. Body Alignment 
Figures 4-6 illustrate the body alignment of each group 
utilising the mean angles obtained for each of the five 
positions. 
The results for each of the angles measured have been 
discussed separately, with the exception of the absolute 
angles at the knee and hip joints, which were grouped 
together for discussion. It was then necessary to consider 
a combination of these angles in order to make assumptions 
and draw conclusions regarding the body position to be 
adopted throughout the take-off phase in an attempt to 
produce maximum horizontal distance. 
Figure 4: Body alignment utilising mean angles for Group A 
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Figure 5: Body alignment utilising mean angles for Group B 
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Figure 6: Body alignment utilising mean angles for Group C 
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3. Inclination of the Lower Leg 
Mean, standard deviation, and range values pertaining to 
the angle of inclination of the lower leg are displayed in 
Table 2. There was little variability either between groups 
or within each group at the pre-ramp stage, with results 
showing all barefoot water ski jumpers to have angles of 
lower leg inclination of approximately 100 degrees for pre-
ramp and bottom of the ramp conditions. 
It was expected that the initial contact with the ramp 
would alter the lower leg orientation. Grove (1979) found 
the angle of inclination of the lower leg increased from 
93.35 to 97.86 degrees as water ski jumpers contacted the 
ramp. This was attributed to the slope of the ramp pitching 
the skiers backwards. Similar results were not found in 
this study. Barefoot water ski jumpers in Group B 
experienced no changed in the mean angle of inclination of 
the lower leg, and the mean for Group C increased by only 2 
degrees. Reasons for the maintenance of the angle of lower 
leg inclination for Groups B and C became apparent when the 
orientation of the other segments were considered. These 
were discussed in the section on total body alignment. 
The mean for Group A, however, decreased from 99 to 94 
degrees, indicating that in these trials barefoot water ski 
jumpers were pitched forward by the ramp rather than 
backward. The mean for Group A was significantly different 
(p < 0.01) from the means for Groups B and C (X = 94 
TABLE 2: Comparison of lower leg angle (degrees) (relative to the 
right hand horizontal) in five different locations 









































118 ** 111-124 
(4.3) 




106-141 130 123-136 
(4.5) 






* Significant difference (p < 0.05) 
** Significant difference (p < 0.01) 
degrees for Group A, compared with 99 and 102 degrees for 
Groups B and C respectively) . 
As discussed previously, these results indicated that the 
ability to maintain a more upright position during the jump 
resulted in greater horizontal range. Barefoot water ski 
jumpers in Group A may have experienced a forward rotation 
of the lower leg due to this upright stance, as the pull of 
the rope and the resistance of the ramp caused slight 
instability. 
At mid-ramp Group A had increased the mean angle slightly, 
although the lower leg remained almost perpendicular to the 
horizontal (X = 101 degrees) , with some barefoot water ski 
jumpers displaying acute angles as seen by the range (85-
117 degrees) . Results for Groups B and C showed mean lower 
leg a n g l e s h a d i n c r e a s e d to 113 and 118 d e g r e e s 
respectively by mid-ramp, and were significantly greater (p 
< 0.01) than the mean for Group A. The angle of inclination 
of the lower leg increased for all barefoot water ski 
jumpers from mid-ramp until post-ramp, by 10, 17, and 13 
degrees in Groups A, B, and C respectively. 
These results would appear to be related to the angle of 
lean centre of gravity where Group A were able to maintain 
their centre of gravity in a more forward position over the 
s e c o n d h a l f of the r a m p . S i m i l a r l y , t h e a n g l e of 
inclination of the lower leg increased to 113, 128, and 130 
degrees in Groups A, B, and C respectively by the top of 
the ramp. This suggested that the i n c l i n a t i o n o f the lower 
l e g should be maintained c l o s e t o the perpendicu lar t o the 
ramp sur face in order t o achieve maximum h o r i z o n t a l range. 
4 . I n c l i n a t i o n o f the Thigh 
In b a r e f o o t water ski jumping, the small base o f support 
o f f e r e d l i t t l e s t a b i l i t y i n t h e a n t e r i o r - p o s t e r i o r 
d i r e c t i o n . As t h e p u l l o f the rope tended t o s h i f t the 
upper body forward and the r e s i s t a n c e o f the ramp c rea ted a 
f r i c t i o n a l f o r c e a t t h e f e e t a c t i n g i n t h e o p p o s i t e 
d i r e c t i o n , a c o u p l e was g e n e r a t e d r e s u l t i n g i n r o t a t i o n 
about the h i p s . I t was consequently considered that i f a l l 
o ther v a r i a b l e s were held constant , i t would be important 
f o r b a r e f o o t water s k i jumpers t o mainta in an u p r i g h t 
p o s i t i o n o f the t runk throughout the jump, i n o r d e r t o 
t r a n s f e r the p u l l o f the rope without f a l l i n g forward. 
I t was e x p e c t e d t h a t the m a j o r i t y o f the impact f o r c e 
generated by the s l ope o f the ramp would be absorbed by the 
lower l imbs, with each segment a c t ing independently in a 
dynamical ly f r e e system. This compression would be evident 
in t h e ang le o f i n c l i n a t i o n o f the t h i g h , which would 
presumably i n c r e a s e as the b a r e f o o t water s k i jumper 
t r a v e r s e d the ramp. Barefoot water ski jumpers with l e s s 
s k i l l a n d / o r muscular s t r e n g t h were e x p e c t e d t o be more 
p r o n e t o such c o m p r e s s i o n as t h e y worked t o ma inta in 
s t a b i l i t y throughout the jump. 
T A B L E 3: C o m p a r i s o n o f t h e t h i g h a n g l e (degrees) ( r e l a t i v e 
t o t h e r i g h t h a n d h o r i z o n t a l ) in five d i f f e r e n t 
l o c a t i o n s f o r t h e t h r e e g r o u p s (n = 23) 
D e g r e e s 
G r o u p A 
(n=7) 
G r o u p B 
(n=9) 
G r o u p C 
(n=7) 
P o s i t i o n M e a n 
(±SD) 
R a n g e M e a n 
( + SD) 
R a n g e M e a n 
(±SD) 
R a n g e 
P r e - r a m p 133 117-144 
(10.5) 
1 4 1 
(4.6) 
1 3 6 - 1 4 8 138 
(3.8 
1 3 3 - 1 4 3 
B 
B o t t o m 1 3 1 * 1 1 7 - 1 4 0 
(8.9) 
1 4 1 
(3.4) 
1 3 5 - 1 4 6 133 
(4.2 
1 2 8 - 1 3 9 
B 
M i d - r a m p 136 ** 1 1 5 - 1 4 6 
(12.3) 
148 1 4 2 - 1 5 5 
(4.0) 
137 1 3 0 - 1 4 4 
(5.1) 
T o p 
B 
135 ** 1 1 4 - 1 5 0 
(14.5) 
155 ** 1 5 1 - 1 6 4 
(3.9) 
148 1 4 4 - 1 5 3 
(3.2) 
B C 
P o s t - r a m p 136 * 1 1 4 - 1 5 0 
(14.7) 
159 1 5 5 - 1 6 6 
(3.2) 
154 1 5 0 - 1 5 7 
(2.4) 
* S i g n i f i c a n t d i f f e r e n c e (p < 0.05) 
** S i g n i f i c a n t d i f f e r e n c e (p < 0.01) 
Mean, standard deviation, and range values pertaining to 
the angle of inclination of the thigh are displayed in 
Table 3. Group A showed the ability to maintain the 
inclination of the thigh throughout the entire take-off 
phase, with mean values varying by only 3 degrees from the 
pre-ramp position until after take-off. Ranges and standard 
deviations showed some variability within this group. 
There was little variability between barefoot water ski 
jumpers in Group B, who displayed larger angles of 
inclination of the thigh than barefoot water ski jumpers in 
Group A, particularly by the top of the ramp (X = 155 and 
135 degrees r e s p e c t i v e l y ) . These differences proved 
significant (p < 0.05) at mid-ramp, top of the ramp, and 
after take-off. Values obtained for Group C were similar to 
those obtained for Group B with the exception of the mid-
ramp position. Here the mean angle for Group C was the same 
as that of Group A. However, when combined with the larger 
angle of inclination of the lower leg displayed by Group C, 
it can be seen that these barefoot water ski jumpers were 
sitting further back and slightly lower than those in Group 
A (see Figures 4 and 6, pp. 51 and 53) . 
From mid-ramp onwards, the thigh moved progressively closer 
to the horizontal in Groups B and C. This suggested that in 
these trials barefoot water ski jumpers experienced a 
"crush" due to the slope of the ramp which did not appear 
to have the same effect on barefoot water ski jumpers in 
Group A. 
These results supported the trends expected of the barefoot 
water ski jumpers. Less successful jumps were characterised 
by an increase in the inclination of the thigh. Limited 
trunk movement (see Table 4) by these barefoot water ski 
jumpers indicated that much of the impact force imparted by 
the ramp was probably absorbed by movement of the thigh. 
5. Inclination of the Trunk 
Mean, standard deviation, and range values pertaining to 
the angle of inclination of the trunk are displayed in 
Table 4 (p. 61). No significant differences were found 
between the three groups at any stage of the jump. Results 
showed that all barefoot water ski jumpers inclined the 
trunk progressively further backwards during the take-off 
phase. Trunk angles for Group A were slightly greater than 
90 degrees at the pre-ramp position, and increased to 97 
degrees by the top of the ramp. Barefoot water ski jumpers 
in Groups B and C approached the ramp with their trunks 
inclined slightly forwards, and increased these angles to 
94 and 8 9 degrees respectively by the top of the ramp. 
Barefoot water ski jumpers in Group A showed a slight 
backwards inclination of the trunk with respect to the 
horizontal throughout the jump. However, when these angle 
were considered with respect to the slope of the ramp, it 
resulted in angles which were slightly less than 90 
degrees, and closer to perpendicular to the ramp than 
angles for Groups B and C. 
TABLE 4: Comparison of trunk angle (degrees) (relative 
to the right hand horizontal) in five different 
locations for the three groups (n = 23) 
Degrees 
Group A Group B Group C 
(n=7) (n=9) (n=7) 
Position Mean Range Mean Range Mean Range 
(±SD) (+SD) (+SD) 
Pre-ramp 93 87-99 87 73-99 85 80-94 
(4.5) (8.2) (5.2) 
Bottom 95 88-102 89 75-102 88 81-97 
(5.0) (8.7) (6.0) 
Mid-ramp 96 87-104 89 73-104 88 77-98 
(5.5) (10.2) (7.0) 
Top 97 84-109 94 72-109 89 79-94 
(7.7) (12.3) (5.5) 
Post-ramp 99 81-113 97 74-113 91 81-95 
(10.2) (13.3) (5.3) 
This more upright angle of inclination of the trunk (with 
respect to the ramp) displayed by barefoot water ski 
jumpers in Group A appeared to be a contributing factor in 
maintaining the height of the centre of gravity, which 
resulted in greater vertical velocity and a greater angle 
of take-off. This added to the concept that the trunk was 
"independent" of the lower body, and remained fairly stable 
throughout the jump. The impact force imparted by the slope 
of the ramp was absorbed by movement of the thigh and lower 
leg. 
6. Angles of Hip and Knee Flexion 
Mean, standard deviation, and range values pertaining to 
the angle of knee flexion and the angle of hip flexion are 
displayed in Tables 5 and 6 respectively. 
When considering knee flexion in isolation it appeared that 
barefoot water ski jumpers in Group A were subject to 
crushing forces on the lower half of the ramp, but were 
then able to extend the knees from the mid-ramp position to 
the top of the ramp. Barefoot water ski jumpers in Group B 
displayed less knee extension throughout the jump, but did 
not appear to flex the knees due to the impact of the ramp. 
Group C showed an unexpectedly large mean knee angle at 
each position analysed, with differences proving 
significant at mid-ramp {p < 0.01) when compared with 
Groups A and B. No knee flexion due to impact was apparent 
in Group C, suggesting that they did not "give" at the 
TABLE 5: Comparison of knee angle (degrees) in five different 
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* Significant difference (p < 0.01) 
** Significant difference (p < 0.01) 
TABLE 6: Comparison of hip angle (degrees) in five different 














( + SD) 
Pre-ramp 140 124-159 
(12.2) 
B 
Bottom 144 ** 131-162 
(10.4) 
B 
Mid-ramp 140 ** 126-163 
(11.7) 
BC 
Top 142 ** 128-160 
(10.5) 
BC 


























* Significant difference (p < 0.05) 
Significant difference (p < 0.01) 
knees, but may have flexed at the hips. 
When results were considered in conjunction with hip 
flexion, however, reasons for the apparent discrepancies in 
the trends of knee flexion shown by the three groups may be 
explained. Group A displayed greater hip extension in all 
positions analysed, with angles significantly larger (p < 
0.01) than values for Group B at the bottom of the ramp, 
and at mid-ramp. At the top of the ramp and at post-ramp, 
mean values for Group A were significantly larger than 
those for both Groups B and C (p < 0.01) . These results 
indicated that the barefoot water ski jumpers in Group C 
did not gain any advantage from knee extension, as flexion 
at the hips shifted the centre of gravity backwards rather 
than upwards. 
Group A were able to maintain a constant amount of hip 
flexion throughout the jump, with the mean decreasing by 
only 4 degrees from the bottom to the top of the ramp. By 
contrast, barefoot water ski jumpers in Groups B and C 
experienced a closure of the angle at the hip whilst on the 
ramp, with mean values decreasing by 10 and 14 degrees 
respectively. This suggested that the compression of the 
body due to the force of impact of the ramp prevented these 
barefoot water ski jumpers from maintaining an erect body 
position. 
Similar findings were also apparent in literature on water 
ski jumping. Grove (197 9) suggested that water ski jumpers 
experienced an overall "crush" due to impact. Titley and 
Reid (1975) felt that this "crush" was so powerful it 
prevented skiers from completing their "spring". According 
to Brazil (1975), the inability to overcome the force of 
impact was due to a poor body p o s i t i o n . A l t h o u g h not 
statistically significant, results in the present study 
supported this statement, as barefoot water ski jumpers 
appeared to obtain greater distance when an erect body 
position was adopted prior to contact with the ramp. 
Barefoot water ski jumpers appeared to be subject to 
similar effects on body orientations as water ski jumpers. 
In a study examining impact forces on water ski jumpers, 
Reid et. al. (1978) concluded that frequent exposure to 
such forces may prove hazardous to the water ski jumper. As 
barefoot water ski jumping is a relatively new sport, a 
similar study may be recommended to assess the potential 
for injury given the compressive forces involved. If 
necessary, the severity of these forces could be reduced by 
a slower approach speed, a decrease in ramp height, or 
perhaps through the modification of technique. 
7. Total Body Alignment 
These results suggested that no single variable determined 
a successful jump; rather an ideal combination of joint 
positions was necessary. Barefoot water ski jumpers in 
Group A demonstrated the ability to maintain the body 
position adopted immediately prior to the ramp, with the 
only major change in the inclination of the lower leg, 
although this change was still significantly less than the 
movement displayed by barefoot water ski jumpers in Groups 
B and C. Barefoot water ski jumpers recording shorter jumps 
were not able to absorb the shock of contact with the ramp 
through the lower leg alone. They allowed thigh movement to 
increase absorption, and consequently reduced the 
effectiveness of the "spring". 
Results for barefoot water ski jumpers in Group C showed 
that posterior inclination of the lower leg, combined with 
flexion of the trunk and extension of the knee, shifted the 
centre of gravity downwards and backwards, effectively 
reducing the length of the jump. Once again, the ability to 
"spring" appeared to be directly related to the ability to 
resist "crushing". Various authors (Grove, 1979; Titley and 
Reid, 1975) concluded that water ski jumpers should not 
distinguish between the "crush" and the "spring". They 
recommended that water ski jumpers should extend the lower 
legs at the pre-ramp position and maintain this extension 
throughout the jump. Barefoot water ski jumpers may also 
benefit from concentrating on the initiation of the 
"spring" at the pre-ramp stage, which would inherently 
counteract the "crush". 
8. Angle of Rise of the Centre of Gravity 
Mean, standard deviation, and range of values pertaining to 
the angle of take-off for the three groups are presented in 
Table 7. 
During the approach to the ramp most barefoot water ski 
jumpers were observed to crouch down in an attempt to 
execute a powerful upward extension either on the ramp or 
immediately before the ramp. Results from this study 
suggested that barefoot water ski jumpers were already 
extending at the pre-ramp stage, with the angle of rise 
significantly greater for barefoot water ski jumpers in 
Group A compared to Groups B and C (X = 6.5 degrees for 
barefoot water ski jumpers in Group A compared to 4.6 and 
3.5 degrees for barefoot water ski jumpers in Groups B and 
C respectively). These barefoot water ski jumpers (Group A) 
appeared to be extending more rapidly in an attempt to 
reach full extension prior to the ramp, whereas the others 
appeared to either delay or mistime their extension until 
they were already on the ramp. Further results suggested 
that the impact force of the ramp tended to be more 
powerful than the muscular force exerted by the barefoot 
water ski jumpers in Groups B and C, limiting their ability 
to complete their extension and causing them to "crush" 
instead. This was also found to be true of water ski 
jumpers (Titley and Reid, 1975). 
According to Hay (1985) the horizontal range of a 
projectile is dependent upon the velocity and angle of 
take-off. In this study the angle of take-off was 
represented by the angle of rise of the centre of gravity 
at the top of the ramp. This was determined by the angle 
TABLE 7: Comparison of angle of rise of centre of gravity (degrees 



















Pre-ramp 6.5 * 4.5-7.7 
(1.1) 
Bottom 10.5 ** 7.5-13.3 
(1.8) 
BC 





8.3 * 5.2-11.0 
(1.6) 
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Top 12.3 **10.2-14.7 
(1.5) 
BC 
Post-ramp 10.7 ** 8.5-13.3 
(1.5) 
C 
8.5 ** 7.9-9.7 
(0.7) 
C 








* Significant difference (p < 0.05) 
** Significant difference (p < 0.01) 
made by the path of the centre of gravity relative to the 
horizontal from 0.001 s either side of the top of the ramp 
position. 
None of the group means for the angle of take-off were 
greater than the angle imparted by the ramp itself (12.37 
degrees). Individual barefoot water ski jumpers in Group A 
increased the angle of take-off to a maximum of 14.7 
degrees, and consequently achieved the winning jumps (see 
Appendices D and E). Barefoot water ski jumpers in Group A 
displayed a mean angle of take-off of 12.3 degrees, a 
significantly greater angle (p < 0.01) than the mean for 
Group B (X = 8.5 degrees), which was in turn significantly 
greater (p < 0.01) than the mean for Group C (X = 6.7 
degrees). 
These results suggested that the body positioning of 
barefoot water ski jumpers in Group A allowed them to 
maintain greater extension, and in combination with a more 
upright angle of body lean, resulted in an angle of take-
off equal to that expected due to the rise of the ramp. 
Barefoot water ski jumpers in Groups B and C were more 
effected by the force of impact of the ramp. This would 
result in either excessive flexion at the joints, or a 
posterior shift in the centre of gravity, resulting in an 
angle of take-off which was considerably less than the ramp 
angle. It appeared that barefoot water ski jumpers were 
able to gain "spring" through the maintenance of an upright 
and extended body position, which gave them the benefit of 
the take-off angle offered by the slope of the ramp. This 
implied that the maintenance of body position may be 
related to the "spring" to a greater extent than any 
"thrust" out from the ramp achieved by the barefoot water 
ski jumper. 
9. Velocity 
Results pertaining to velocity are presented in Tables 8 
and 9. Descriptive statistics include means, ranges, and 
standard deviations. Input velocity was monitored on two 
separate speedometers in the tow boat, by both the driver 
and an official judge. If speed varied by more than 1 km/hr 
from the selected speed, the barefoot water ski jumper was 
granted a re-ride. The variable which had the greatest 
effect on the horizontal range of a projectile was velocity 
(Hay 1985). Although Grove (1979) found a significant 
positive correlation between velocity (resultant and 
horizontal) and distance jumped in water ski jumping, this 
study differed in that barefoot water ski jumpers were not 
permitted to "cut" to the ramp and so had no opportunity to 
increase their horizontal velocity. In the current study 
barefoot water ski jumpers had consequently adopted the 
"springing" technique in an attempt to generate vertical 
velocity and thus increase horizontal range. Immediately 
before the ramp barefoot water ski jumpers in Group A had 
generated a mean vertical velocity of 1.9 m/s which was 
significantly higher (p < 0.05) than the means for Groups B 
and C. This trend coincided with the results for the rise 
T A B L E 8: C o m p a r i s o n o f h o r i z o n t a l v e l o c i t y o f c e n t r e o f g r a v i t y (m/sj 
in five d i f f e r e n t l o c a t i o n s f o r t h e t h r e e g r o u p s (n = 23) 
M e t r e s / s e c o n d 
G r o u p A 
(n=7) 
P o s i t i o n M e a n 
(tSD) 
R a n g e 
G r o u p B 
(n=9) 
M e a n 
(±SD) 
R a n g e 
G r o u p C 
(n=7) 
M e a n 
(±SD) 
R a n g e 
P r e - r a m p 1 8 . 1 1 7 . 0 - 1 9 . 0 
(0.8) 
17.5 1 6 . 5 - 1 9 . 0 
(0.9) 
17.2 1 6 . 3 - 1 8 . 0 
(0.7) 
B o t t o m 18.0 1 7 . 0 - 1 9 . 0 
(0.8) 
17.5 1 6 . 5 - 1 9 . 0 
( 1 . 0 ) 
1 7 . 3 1 5 . 8 - 1 8 . 3 
(0.7) 
M i d - r a m p 1 8 . 1 1 7 . 0 - 1 9 . 3 
(0.8) 
17.7 1 6 . 5 - 1 9 . 3 
( 1 . 0 ) 
1 7 . 3 1 5 . 8 - 1 8 . 3 
(0.9) 
T o p 18.4 1 7 . 0 - 1 9 . 5 
( 0 . 8 ) 
17.8 1 6 . 8 - 1 8 . 
(0.7) 
1 7 . 6 1 6 . 3 - 1 8 . 5 
(0.8) 
P o s t - r a m p 18.5 1 6 . 8 - 1 9 . 
( 1 .0 ) 
18.0 1 7 . 0 - 1 9 . 5 1 7 . 6 16.8-18 
(1.0) (0.9) 
TABLE 9: Comparison of vertical velocity of the centre of gravity (m/s 




























3.0 * 2.3-4.0 
(0.6) 
BC 
4.3 ** 4.0-4.5 
(0.3) 
BC 
4.0 ** 3.5-5.0 
(0.5) 
BC 
Post-ramp 3.8 ** 3.0-4.5 
(0.5) 
Top 
2.3 * 1.0-3.0 
(0.6) 
3.3 ** 1.8-3.8 
(0.6) 
















* Significant difference (p < 0.05) 
** Significant difference (p < 0.01) 
of the centre of gravity at this position, where the more 
successful barefoot water ski jumper had moved into a 
position of greater extension prior to contact with the 
ramp. 
The vertical velocity imparted by the slope of the ramp was 
calculated at 4.1 m/s using the following equation: 
Vv = Vh X tan G 
where 
Vv = vertical velocity 
Vh = horizontal velocity (18.6 m/s) 
0 = slope of the ramp (12.37 degrees) 
Table 8 (p. 72) indicated that few barefoot water ski 
jumpers were able to benefit from this increase in 
velocity. Poor body positioning and/or lack of strength may 
have resulted in negative velocities when the velocity 
imparted by the slope of the ramp was subtracted. Again 
Group A appeared to be able to maintain extension against 
the ramp and displayed significantly higher velocities (p < 
0.01) at each position analysed than Groups B and C. 
By the top of the ramp the mean vertical velocity for Group 
A was 4.0 m/s, which showed that most of these barefoot 
w a t e r ski j u m p e r s had been able to use the vertical 
velocity provided by the ramp to increase their resultant 
take-off velocity, and consequently the length of the jump. 
Mean values at the top of the ramp for Groups B and C (X = 
2.8 and 2.1 m/s respectively) suggested that these barefoot 
water ski jumpers were not able to use the vertical 
velocity provided by the ramp, due to an inability to 
withstand the "crush". 
These results indicated that the "spring" may be attributed 
to the slope of the ramp rather than to any active upward 
thrust by the barefoot water ski jumper. Barefoot water ski 
jumpers able to withstand the compressive forces generated 
by the ramp benefited from the take-off angle and vertical 
velocity imparted by the ramp, and effectively increased 
the length of their jump. By contrast, barefoot water ski 
jumpers who adopted a poor body position at the pre-ramp 
p h a s e were u n a b l e to w i t h s t a n d these forces, and 
consequently lost the benefit of the slope of the ramp. 
It was interesting to note that the only barefoot water ski 
jumper to actually generate vertical velocity over that 
which was provided by the ramp also recorded the longest 
jump (see Appendix D) . This barefoot water ski jumper may 
have had the strength to actually extend against the ramp, 
and/or the skill to maintain a more upright position 
throughout the jump and take advantage of the "spring" 
effect of obliquely impacting a rigid surface. This action 
appeared to be similar to that adopted by gymnasts in the 
execution of the handspring. Hay (1985) described the 
appropriate method of obtaining lift in a handspring as the 
contraction of arm and shoulder muscles, and a forceful 
thrust downward against the floor as the centre of gravity 
passed forward over the hands. In like manner the barefoot 
water ski jumper should contract the leg and hip muscles 
and thrust downward against the ramp as the angle of lean 
of the centre of gravity was perpendicular to the surface 
of the ramp. The body orientation of the aforementioned 
barefoot water ski jumper approaches what may be considered 
an "ideal" model at take-off. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
This chapter contains a brief overview of this study, and 
presents the conclusions drawn from the results obtained. 
Recommendations for future research are also included. The 
chapter is presented in three sections: (A) Summary, (B) 
Conclusions, and (C) Recommendations for Future Study. 
A. Summary 
The purpose of this study was to objectively examine the 
jumping technique of a group of skilled barefoot water ski 
jumpers in order to identify the kinematic factors which 
distinguished between a highly successful jump and a less 
successful jump. 
The jumping technique of each subject was filmed during the 
1987 Australian Barefoot Water Ski Championships using a 
LOCAM high speed camera positioned laterally to the 
direction of travel of the subjects. After processing, the 
region extending from a point 5 frames before the ramp to a 
point 5 frames after the ramp for a total of 23 jumps were 
digitised and smoothed using a second order Butterworth 
recursive digital filter. The following five locations of 
the barefoot water ski jumper were then chosen for 
analysis: (1) pre-ramp; (2) bottom of the ramp; (3) mid-
ramp; (4) top of the ramp; and (5) post-ramp. 
Trials were grouped according to the distance obtained. 
Three groups were defined as follows: 
Group A - jumps of 17 m or greater; 
Group B - jumps greater than 15 m and less than 17 m; 
Group C - jumps 15 m or less. 
Kinematic variables determined for each trial at all of 
the five locations included the following: the path of the 
centre of gravity relative to the horizontal; the angle of 
lean of the centre of gravity; angles of inclination of the 
lower leg, thigh, and trunk; angles at the knee and hip 
joints; and horizontal and vertical velocity of the centre 
of gravity. 
Mean, standard deviation and range values calculated for 
the kinematic variables were presented and discussed in 
relation to the literature reviewed. A One-Way Analysis of 
Variance (ANOVA) was applied to the data to test for any 
significant differences between the three groups. A two-
sample t-test was conducted for post-hoc analysis to 
identify significant differences between each group. 
The results determined the kinematic variables which 
distinguished between a highly successful (Group A) and a 
less successful jump (Groups B and C) . The ANOVA revealed 
that barefoot water ski jumpers in Group A demonstrated the 
f o l l o w i n g significant d i f f e r e n c e s in t e c h n i q u e when 
compared with barefoot water ski jumpers in Groups B and C: 
1. a more upright angle of lean of the centre of gravity 
after take-off than barefoot water ski jumpers in 
Groups B and C; 
2. less inclination of the lower leg at the bottom of the 
ramp than barefoot water ski jumpers in Groups B and C; 
3. less inclination of the lower leg at mid-ramp than 
barefoot water ski jumpers in Group C; 
4. less inclination of the thigh at the bottom of the 
ramp and at mid-ramp than barefoot water ski jumpers in 
Group B; 
5. less inclination of the thigh at the top of the ramp 
and at post-ramp than barefoot water ski jumpers in 
Group B; 
6. more knee flexion at mid-ramp than barefoot water ski 
jumpers in Group C; 
7. less hip flexion at the bottom of the ramp and at mid-
ramp than barefoot water ski jumpers in Group B; 
8. less hip flexion at the top of the ramp and at post-
ramp than barefoot water ski jumpers in Groups B and C/ 
9. a greater angle of rise of the centre of gravity at 
all locations than barefoot water ski jumpers in Groups 
B and C; and 
1 0 . h i g h e r v e r t i c a l v e l o c i t y at a l l l o c a t i o n s t h a n 
barefoot water ski jumpers in Groups B and C. 
These findings were discussed in relation to the literature 
reviewed, with implications for safe and efficient barefoot 
water ski jumping techniques presented. 
B . Conclusions 
The results of the present study identified a n u m b e r of 
k i n e m a t i c variables in barefoot w a t e r ski jumping which 
combined to increase the distance of the jump. 
Anecdotal evidence from these barefoot water ski jumpers 
indicated that few reliable instructional techniques were 
a v a i l a b l e . Barefoot w a t e r ski jumpers either p r a c t i s e d 
methods which had resulted in personal success through a 
"hit and miss" type of elimination process, or used methods 
recommended by other barefoot water ski jumpers, which were 
probably in turn, the result of the latter alternative. It 
was h o p e d that on the basis of the results p r e s e n t e d in 
this study, a more systematic approach would be initiated 
in relation to the instruction of barefoot water skiers who 
were competing in the jump. 
From results obtained in the present study it was concluded 
t h a t t h e a b i l i t y to u t i l i s e the t a k e - o f f a n g l e and 
consequent vertical velocity generated by the slope of the 
ramp was c r i t i c a l to the success of b a r e f o o t water ski 
jumping. An ideal combination of the kinematic variables 
examined was considered an appropriate means by which such 
success was a c h i e v e d . A number of these v a r i a b l e s were 
similar to those identi f ied in the literature on water ski 
jumping, however there were some important variations in 
technique which warrent the development of separate 
coaching guidelines for the two sports. 
Most barefoot water ski jumpers appeared to be aware of the 
importance of an extended pre-ramp posit ion . Grove (197 9) 
found a positive correlation between pre-ramp position and 
the distance jumped in water ski jumping, and emphasised 
extension of the lower legs at this stage. Titley and Reid 
(1975) a l so found a p o s i t i v e r e l a t i o n s h i p between the 
length of the jump and the extension of the hip and knee 
joints at the pre-ramp stage for water ski jumpers. In the 
present study , the b e t t e r barefoot water ski jumpers 
demonstrated slightly greater extension at the knee joint, 
s u g g e s t i n g a more c o m p l e t e " s p r i n g " at t h i s s t a g e . 
O'Mahoney (1987) advocated full extension (completion of 
the " s p r i n g " ) p r i o r to the ramp. These Group A barefoot 
water ski jumpers also displayed greater vertical velocity 
and a steeper rise in the centre of gravity throughout this 
stage of the jump, indicating a forceful upward extension 
of the body. 
A noticeable discrepancy existed in the degree of hip 
flexion and angle of inclination of the trunk at the pre-
ramp stage. Although these differences were not 
statistically significant, the tendency of the lesser 
skilled barefoot water ski jumpers (Groups B and C) to 
incline the trunk forward was considered to be important, 
particularly as this trend continued throughout the jump. 
Titley and Reid (1975) felt that the water ski jumper 
should remain perpendicular to the ramp throughout the 
jump. However, other authors advocated a forward angle of 
lean and inclination of the trunk in water ski jumping 
(Grove, 1979/ Amsbry, 1967). Wing (1981) and O'Mahoney 
(1987) recommended a stance in which the shoulders were 
placed behind the hips during the approach to the barefoot 
water ski jump, as adopted by barefoot water ski jumpers in 
Group A. Other competitors attempted to bring the shoulders 
over the feet (Boler, 1987; Sands, 1987; Shadwell, 1987), 
and consequently recorded lesser distances in the jump. 
Some discrepancy existed in the literature concerning the 
position of the trunk during conventional water ski 
jumping, as well as amongst competitors involved in 
barefoot water ski jumping. It was concluded from the 
results of the present study that barefoot water ski 
jumpers should approach the ramp with an upright stance 
where the inclination of the trunk was perpendicular to the 
horizontal. When traversing the ramp, it appeared to be 
preferable allow the trunk to incline back with respect to 
the horizontal, but remain upright with respect to the 
ramp. Similarly, although differences were not 
statistically significant, those barefoot water ski jumpers 
who maintained the angle of lean of the centre of gravity 
closest to perpendicular to the ramp recorded greater 
distance in the barefoot water ski jump. 
The impact force generated by the inclination of the ramp 
caused both water ski jumpers (Brazil, 1975; Grove, 1979; 
Titley and Reid, 1975), and barefoot water ski jumpers 
(results of the present study), to compress or flex at the 
joints onto the ramp. The effects of this force was evident 
in varying degrees for all groups analysed. 
Barefoot water ski jumpers in Group A recorded the greatest 
change in limb orientation at the lower leg, which 
displayed a slight forward movement on initial contact with 
the ramp, then moved back again until it was perpendicular 
to the ramp at take-off. There was a similar adjustment of 
the angle of lean of the centre of gravity throughout the 
jump, until this angle was almost to perpendicular to the 
ramp by take-off. Maintenance of thigh and trunk 
inclination throughout the jump implies that the segments 
acted independently of each other in what may be considered 
a dynamically free system. 
By contrast, less skilled barefoot water ski jumpers 
absorbed the "crush" through the adjustment of two body 
segments, the lower leg and the thigh. The movement pattern 
of the shank (and the angle of lean of the centre of 
gravity), was similar to that observed in Group A. However, 
by take-off these angles had increased to a point beyond 
the perpendicular (with respect to the ramp), as these 
barefoot water ski jumpers tended to "sit back" rather than 
maintain an upright position. This position was more 
exaggerated in the shortest jumps than in the better jumps. 
Although mean knee extension was actually increased in 
both of these groups throughout the jump, the thigh moved 
progressively closer to the horizontal. This implied that 
the extension at the knee was due to the feet slipping out 
in front of the barefoot water ski jumper, rather than to 
an upward thrust generated from pushing the feet into the 
ramp. These barefoot water ski jumpers were perhaps unable 
to withstand the "crushing" forces generated by the slope 
of the ramp, as they recorded less vertical velocity (see 
Table 9, p. 73) than the vertical velocity imparted by the 
slope of the ramp, and consequently gained little "spring" 
off the ramp. 
It has been recommended in the literature on conventional 
water ski jumping that the water ski jumper should not 
attempt to distinguish between the "crush" and the "spring" 
(Grove, 1979/ Titley and Reid, 1975). Rather the "spring" 
should be initiated and extension completed immediately 
prior to contact with the ramp so that the skier contacts 
the ramp in a tense position with the feet still pushing 
down into the ramp. This was also considered to be 
applicable to barefoot water ski jumping, as suggested by 
O'Mahoney (1987), and implied by the results of the present 
study. 
The best barefoot water ski jumpers (Group A) displayed 
significantly higher vertical velocity and a significantly 
steeper angle of rise of the centre of gravity than lesser 
skilled barefoot water ski jumpers (Groups B and C) 
throughout the jump. However, only at the mid-ramp position 
were these values greater than the angle of rise and 
vertical velocity imparted by the ramp, and these 
differences were minimal. This implied that the "spring" 
achieved by these barefoot water ski jumpers was mainly due 
to the slope of the ramp, and their ability to resist the 
"crush". The "spring" may then be considered as an active 
action to counteract the "crush", indicating that no 
distinction should be made between the two. 
On the basis of these results it is recommended that to 
jump effectively and safely the barefoot water ski jumper 
should: 
1. initiate hip and knee extension approximately 2 m 
before contact with the ramp, in order to assume an 
extended body position at pre-ramp. 
2. maintain this extended position throughout the jump by 
continuing to push against the ramp. 
3. maintain the inclination of the trunk and lowewr leg as 
close to perpendicular to the ramp as possible. 
4. not distinguish between the "crush" and the "spring", 
but concentrate on the maintenance of hip and knee 
extension throughout the jump. 
It is recommended that barefoot water ski jumpers and their 
coaches be presented with these findings in order to 
improve the quality and the safety of barefoot water ski 
jumping. At present there is no systematic and scientific 
basis for training, and as revealed through anecdotal 
evidence and the results from the present study, many 
barefoot water ski jumpers are adopting a position of 
forward body lean which is both unnecessary and potentially 
dangerous. There have already been moves to introduce 
changes to the nature of the jump, such as the adoption of 
the "cut" to the ramp practised in conventional water ski 
jumping. This would greatly increase the speed at which the 
barefoot water ski jumper approached the ramp, the forces 
generated on contact with the ramp, and the potential for 
injury through incorrect technique. Hence the importance of 
scientific investigation and evaluation of barefoot water 
ski jumping. 
C. Reconunendations for Future Study 
On the basis of the findings of the present study, the 
following recommendations are made as a guide for future 
research: 
1. further delineation of the kinematics of take-off of 
barefoot water ski jumpers achieving distances of 17 m 
and over; 
2. an investigation of the kinematics of take-off of the 
"cannon" technique in barefoot water ski jumping; 
3. an examination of the impact forces generated at take-
off and landing barefoot water ski jumping; 
4. examination of the landing techniques used in barefoot 
water ski jumping, and the modifications made during to 
accomodate landing. 
This study has identified a paucity of research information 
relating to all areas of barefoot water skiing, tournament 
water skiing, and water ski racing. As such, further 
research must continue in all areas of this sport to 
identify efficient and safe techniques. 
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APPENDIX A 
RAMP DIMENSIONS 
(a) Side View 
2.1 m 
0.45 m 








(not to scale) 
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APPENDIX B 
PHYSICAL CHARACTERISTICES OF BAREFOOT WATER SKI JUMPERS 
Subject Age Height Weight PI 
(yrs) (cm) (kg) 
CB 23 176.5 72.4 23.6 
DD 21 165.0 66.5 24.6 
WF 21 179.0 75. 6 23.6 
GO 21 169.2 72.1 24.6 
BS 16 175.4 71.4 23.7 
PS 25 171.5 75.7 24.7 
RT 23 174.0 83.3 25.1 
PW 22 170.2 78.0 25.1 
Mean 21.5 172.6 74.4 24.4 
i SD 2.6 4.5 5.0 0.6 
Range 16-25 165-179 66.5-83.3 23.6-25.1 
A P P E N D I X C 
P H Y S I C A L C H A R A C T E R I S T I C S F O R THE T H R E E G R O U P S O F 
B A R E F O O T W A T E R S K I J U M P E R S 
V a r i a b l e G r o u p 
A 
G r o u p 
B 
G r o u p 
C 
A g e X 21.7 2 2 . 1 2 0 . 6 
(yrs) 
+ SD 1.0 0.9 4.5 
R 21-23 21-23 1 6 - 2 5 
H e i g h t X 169.9 172.7 174.2 
(cm) 
+ SD 4.2 4.4 2 . 9 
R 1 6 5 . 0 - 1 7 6 . 5 1 6 5 . 0 - 1 7 9 . 0 1 7 1 . 5 - 1 7 9 . 0 
W e i g h t 
(kg) X 73.0 75.7 73.8 
+ SD 6.0 5.5 2.3 
R 6 6 . 5 - 8 3 . 3 6 6 . 5 - 8 3 . 3 7 1 . 4 - 7 5 . 7 
P I X 24.6 24.5 2 4 . 1 
+ SD 0.5 0.7 0.5 
R 2 3 . 6 - 2 5 . 1 2 3 . 6 - 2 5 . 1 2 3 . 6 - 2 4 . 7 
A P P E N D I X D 
P E R F O R M A N C E OF B A R E F O O T W A T E R S K I J U M P E R S F O R E A C H T R I A L 
S u b j e c t T r i a l N u m b e r P e r f o r m a n c e 
(metres) 
C B 1 15.2 
2 19.3 
3 15.0 
D D 1 15.7 
2 17.7 
3 17.6 
W F 2 15.7 
3 13.9 
G O 1 15.9 
2 21.5 
3 19.2 
B S 1 12.8 
2 14.5 
3 13.4 
P S 1 14.3 
2 14.7 
3 14.5 
R T 1 17.8 
2 15.5 
3 16.6 
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Subject: BS Trial 2 
Degrees 
Angle of Inclination of 
'rame Knee Hip 
No. Shank Thigh Trunk Angle Angle 
1 97 151 80 126 109 
2 98 148 82 130 114 
3 98 145 84 133 119 
4 98 142 86 136 124 
5 99 140 88 139 128 
6 99 138 90 141 132 
7 99 135 92 144 137 
8 100 134 94 146 140 
9 101 131 95 150 144 
10 102 130 95 152 145 
11 102 129 96 154 147 
12 104 129 96 155 147 
13 107 129 96 159 147 
14 111 131 96 160 144 
15 118 133 95 165 142 
16 125 137 94 168 138 
17 131 140 94 171 134 
18 134 144 93 170 129 
19 135 149 93 166 124 
20 136 154 93 162 119 
21 139 158 94 162 117 
22 141 160 94 161 114 
23 141 162 94 159 112 
24 144 164 93 159 109 
25 146 167 93 159 107 
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Subject: CB Trial 2 
Degrees 
Angle of Inclination of 
"rame Knee Hip 
No. Shank Thigh Trunk Angle Angle 
1 97 138 76 139 118 
2 100 136 79 144 123 
3 100 134 80 147 127 
4 100 131 82 149 131 
5 100 128 83 151 135 
6 100 126 84 154 138 
7 100 124 86 157 142 
8 100 122 87 158 146 
9 97 121 88 156 147 
10 94 121 88 153 147 
11 91 121 88 149 147 
12 88 122 88 146 146 
13 86 123 87 144 144 
14 85 123 87 143 145 
15 85 122 87 143 145 
16 84 120 86 144 146 
17 84 119 85 145 147 
18 83 117 84 145 147 
19 82 114 84 148 149 
20 81 114 82 147 148 
21 79 114 81 145 147 
22 75 114 80 142 147 
23 71 115 80 136 145 
24 66 116 78 130 142 
25 62 117 77 124 139 
Subject: CB Trial 2 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 
No. Angle of Rise Angle of Lean Horizontal Vertical 
1 3.4 104 17.0 1.0 
2 5.0 105 17.0 1.3 
3 5.0 105 17.0 1.5 
4 5.0 104 17.0 1.5 
5 5.0 104 17.0 1.5 
6 3.4 103 17.0 1.3 
7 6.7 103 17.0 1.5 
8 6.7 102 17.0 2.0 
9 6.7 101 17.0 2.0 
10 10.3 100 16.8 2.5 
11 10.0 98 16.8 3.0 
12 12.0 97 16.8 3.3 
13 13.6 96 16.5 3.8 
14 14.8 96 16.8 4.3 
15 14.8 95 17.0 4.5 
16 13.2 94 17.0 4.3 
17 14.8 94 17.0 4.3 
18 13.2 92 17.0 4.3 
19 13.2 91 17.0 4.0 
20 12.0 90 16.8 3.8 
21 11.6 89 16.8 3.5 
22 11.3 87 17.3 3.5 
23 9.7 85 17.5 3.3 
24 9.2 83 18.0 3.0 
25 9.2 80 18.5 2.8 




Angle of Inclination of 































































































































































Centre of Gravity Velocity 














































































































































Angle of Inclination of 































































































































































Centre of Gravity Velocity 


























4 . 9 
4 . 9 
4 . 8 
6 . 5 
3 . 2 
4 . 9 
6 . 5 
4 . 9 
6 . 5 
8 . 1 
9 .7 
11 .0 
12 . 9 





7 . 9 
7 . 7 
6.2 
7 . 5 
7 . 3 
7 . 1 



































































3 . 5 
3 .5 
3 .0 
2 . 5 
Subject: DD Trial 2 
Degrees 
Angle of Inclination of 
'rame Knee Hip 
No. Shank Thigh Trunk Angle Angle 
1 95 165 77 110 92 
2 95 161 79 114 98 
3 95 158 81 117 102 
4 95 154 82 121 108 
5 96 150 84 126 113 
6 97 147 86 130 119 
7 97 144 88 133 124 
8 97 141 90 136 129 
9 96 140 91 136 132 
10 95 139 92 136 133 
11 95 141 92 134 131 
12 96 142 91 135 130 
13 101 142 91 139 129 
14 108 141 91 146 130 
15 114 141 92 153 131 
16 121 140 94 161 134 
17 126 139 94 167 135 
18 128 139 95 168 136 
19 126 139 95 167 136 
20 122 140 97 162 137 
21 118 142 100 157 139 
22 112 144 102 149 138 
23 107 145 105 142 139 
24 101 146 108 135 142 
25 95 148 110 126 141 




Centre of Gravity Velocity 
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Subject: DD Trial 3 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 


































































































































Angle of Inclination of 



























































































































































Subject: GO Trial 1 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 
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Subject: GO Trial 2 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 
No. Angle of Rise Angle of Lean Horizontal Vertical 
1 3.1 105 18.5 0.8 
2 3.1 105 18.5 1.0 
3 4.6 105 18.5 1.3 
4 3.0 104 18.8 1.3 
5 4.6 104 18.8 1.3 
6 6.2 104 18.5 1.8 
7 4.6 104 18.5 1.8 
8 7.7 104 18.5 2.0 
9 7.7 103 18.5 2.5 
10 7.9 103 18.3 2.5 
11 11.0 101 18.0 3.0 
12 10.7 100 18.3 3.5 
13 12.5 99 18.3 3.8 
14 13.7 99 18.3 4.3 
15 14.0 98 18.3 4.5 
16 15.1 98 18.3 4.8 
17 15.1 97 18.5 5.0 
18 15.1 97 18.5 5.0 
19 14.7 96 18.8 5.0 
20 13.3 95 19.0 4.8 
21 13.3 93 19.0 4.5 
22 11.6 92 19.3 4.3 
23 11.6 89 19.5 4.0 
24 11.3 87 19.8 4.0 
25 11.3 85 20.0 4.0 




Angle of Inclination of 



























































































































































Subject: GO Trial 3 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 









































































































































Angle of Inclination of 































































































































































Centre of Gravity Velocity 

































































































Subject: PS Trial 2 
Degrees 
Angle of Inclination of 
'rame Knee Hip 
No, Shank Thigh Trunk Angle Angli 
1 94 163 69 111 86 
2 94 161 70 113 90 
3 94 158 72 116 94 
4 96 155 73 120 98 
5 98 152 75 126 103 
6 100 148 77 131 109 
7 101 146 79 135 113 
8 102 143 82 139 119 
9 102 141 84 141 123 
10 103 139 85 145 127 
11 105 138 86 148 128 
12 109 138 85 152 128 
13 115 138 85 157 126 
14 120 139 85 160 125 
15 124 141 85 163 124 
16 126 144 86 162 122 
17 128 147 86 161 120 
18 129 150 88 160 118 
19 131 153 89 159 117 
20 133 156 92 157 116 
21 135 157 94 157 117 
22 135 159 97 157 118 
23 137 159 99 157 120 
24 138 160 101 159 121 
25 140 161 103 159 122 
Subject: PS Trial 2 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 








































































1 8 , 
































































Subject: PS Trial 3 
Degrees 
Angle of Inclination of 
'rame Knee Hip 
No. Shank Thigh Trunk Angle Angle 
1 95 159 76 117 97 
2 96 155 78 120 102 
3 96 151 80 125 109 
4 97 147 81 130 113 
5 99 143 82 136 119 
6 100 140 83 140 122 
7 100 138 85 142 127 
8 99 136 86 143 130 
9 98 134 87 144 133 
10 97 132 87 145 135 
11 99 132 87 147 135 
12 102 133 87 149 134 
13 106 135 86 151 131 
14 113 138 86 155 128 
15 119 141 86 158 125 
16 124 142 85 162 123 
17 129 142 86 167 124 
18 133 143 88 170 125 
19 134 145 89 169 124 
20 135 148 90 167 122 
21 133 150 92 163 122 
22 134 153 93 161 120 
23 134 155 95 159 120 
24 136 156 97 160 120 
25 138 157 99 161 122 




Centre of Gravity Velocity 


















































































































Angle of Inclination of 































































































































































Centre of Gravity Velocity 






























8 . 6 






















































































1 . 8 
1.5 
Subject: PW Trial 2 
Degrees 
Angle of Inclination of 
'rame Knee Hip 
No. Shank Thigh Trunk Angle Angle 
1 92 165 83 107 98 
2 96 162 84 115 102 
3 99 159 85 121 106 
4 101 157 86 124 109 
5 101 153 88 127 114 
6 99 150 89 129 119 
7 98 147 91 130 124 
8 98 144 92 134 128 
9 97 141 93 135 132 
10 97 140 95 137 135 
11 98 139 95 139 137 
12 101 139 97 143 138 
13 106 139 97 148 138 
14 112 140 98 153 138 
15 119 142 98 158 136 
16 126 143 98 163 135 
17 130 145 99 165 134 
18 132 148 101 164 133 
19 132 152 102 160 129 
20 129 156 103 154 127 
21 127 158 105 149 127 
22 124 160 107 144 127 
23 124 160 109 143 128 
24 122 160 110 142 130 
25 122 159 112 143 133 




Centre of Gravity Velocity 
































































































































Angle of Inclination of 































































































































































Centre of Gravity Velocity 



















































































































Subject: RT Trial 1 
Degrees 
Angle of Inclination of 
'rame Knee Hip 
No. Shank Thigh Trunk Angle Angl( 
1 94 94 87 121 114 
2 93 93 88 122 118 
3 94 94 89 125 120 
4 95 95 91 128 124 
5 98 98 93 133 128 
6 101 101 95 139 133 
7 103 103 97 144 138 
8 104 104 99 148 143 
9 103 103 101 149 146 
10 101 101 101 147 147 
11 98 98 102 142 146 
12 96 96 102 138 144 
13 96 96 103 135 143 
14 97 97 103 134 141 
15 100 100 104 136 139 
16 104 104 105 138 139 
17 110 110 105 145 140 
18 116 116 107 153 144 
19 121 121 109 158 146 
20 125 125 111 163 149 
21 126 126 113 164 151 
22 125 125 115 162 152 
23 123 123 118 156 151 
24 118 118 120 149 151 
25 113 113 123 142 152 




Centre of Gravity Velocity 








































































































































Angle of Inclination of 



























































































































































Subject: RT Trial 2 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 







































































































1 . 8 
1 . 8 
1 . 8 
1.5 











Subject: RT Trial 3 
Degrees 
Angle of Inclination of 
'rame Knee Hip 
No. Shank Thigh Trunk Angle Angl< 
1 98 159 86 119 119 
2 97 156 87 121 121 
3 96 152 88 124 124 
4 96 148 89 128 128 
5 96 144 91 132 132 
6 98 141 93 137 137 
7 99 139 95 140 140 
8 99 137 96 142 142 
9 100 137 97 143 143 
10 101 138 97 142 142 
11 102 140 97 142 142 
12 103 143 96 141 141 
13 105 145 95 140 140 
14 108 147 94 141 141 
15 113 147 96 146 146 
16 119 149 98 150 150 
17 126 151 100 155 155 
18 133 153 101 159 159 
19 138 156 103 162 162 
20 142 156 104 166 166 
21 143 155 106 168 168 
22 143 153 108 169 169 
23 139 153 110 167 167 
24 135 151 112 164 164 
25 131 150 115 161 161 
Subject: RT Trial 3 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 



























































































































2 . 8 
2.5 
2.3 




Angle of Inclination of 



























































































































































Subject: WF Trial 2 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 
























































































































































Angle of Inclination of 



























































































































































Subject: WF Trial 3 
Degrees Metres/second 
Centre of Gravity Velocity 
Frame 
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